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FOREWORD 


Under a lease approved by the President of the United States 
in May, 1972, Paraho undertook, in cooperation with the 
federal government, to demonstrate the engineering, economic 
and environmental feasibility and desiribility of the Paraho 
processes and hardware for retorting O1l shale. This Final 
Report to participants of the Paraho Oil Shale Demonstration 
is a six-volume document that describes the research and 
development operations, the engineering design and cost 
estimating, and the commercial evaluation studies carried 


out from late-1973 to mid-1976. 


THIS VOLUME 1 IS CONSIDERED CONFIDENTIAL UNDER THER 
OF THE PARTICIPANTS AGREEMENTS WITH PARAHO CORPORATION 
AND DEVELOPMENT ENGINEERING, INC. MOREOVER, BECAUSE OF 
THE COMMITMENT TO THE GOVERNMENT NOT TO PUBLISH, INFOR- 
MATION PREMATURELY, DISTRIBUTION SHOULD BE SURICT UY 
CONTROLLED ON A NEED-TO-KNOW BASIS UNTIL AFTER THIS 


MATERIAL HAS BEEN PUBLISHED BY THE GOVERNMENT OR PARAHO. 


The field operations were conducted at the sAnvids Pormmes, Ont 

Shale Research Facilities located on the Naval Oil Shale -Re- 
serves near Rifle, Colorado: Administration of these leased 
facilities was transferred from the Bureau of Mines (BOM) to 
the Energy Research and Development Administration (ERDA) 


when the latter agency was formed in 1974. 
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The Paraho Oil Shale Demonstration was privately sponsored 
by the following seventeen Dar teiCipants atyastotalpcost of 


So oem tl vom. 


Sohio Petroleum Company 

Southern California Edison Company 
The Cleveland-Cliffs Iron Company 
Gult O01) Corporaei1on 

Arthur G. McKee and Company 
Kerr-McGee Corporation 

Shell Development Corporation 
Standard Oil Company (Indiana) 

The Carter Oil Company (Exxon) 

Mobil Research and Development Corporation 
Webb-Gary-Chambers-—McLoraine (Group) 
Sun Oil Comvany 

Texaco Inc. 

Phillips Petroleum Company 

Atlantic Richfield Company 

Marathon Oil Company 


Chevron Research Company 


These participants received the right to license Paraho's 
oil shale technology on favorable terms GO tReG Re 1 tas UDO e 


and cooperation which are gratefully acknowledged. 


The results of Paraho's operations at Anvil Points are 


encouraging. They demonstrate that the process works, that 


e 
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the equipment is operable and durable, that thermal efficien- 
cies and yields are high, and that the entire system developed 
is environmentally acceptable. The extended periods of 

Paraho retort operations and the results obtained demonstrate 
thes.) Thesevidence includes the’ /7/-day Pilot Plant run and 
the 56-day Semi-Works run, both of which were terminated 


Vouuntarily. 


Apter the 56-day retorts nun, 10,000 barrels of Paraho crude 
shale oil were shipped to the nearby Gary Western Refinery 

and converted into military products. This federally funded 
work was done for the U.S. Navy's Energy and Natural Resources 
Research and Development Office. That Office coordinated 

the refining and the nationwide, refined product testing 


program and publishing a report entitled: 


Procuctionsandere: mang sory 0,000 Bb. Paraho Crude 
ShalesOil *intosMiltanveanuels, .U28s. Navy Contract 


#N0014-75-C-0055 


A retorted shale management research project was jointly funded 
by the Bureau of Mines and Paraho at an estimated additional 
cost of $0.5 million. A report entitled, “Retorted Shale 


Management", is the concluding volume of this report. 
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SECT LON 21 


EXECUTIVE SUMMARY 


The Paraho Oil Shale Demonstration was funded by 17 private 
participants (listed in the Forward of this report) for the 
purpose of demonstrating the Paraho processes and hardware 
foOmerecorting Ol! shale. Field operations: were’ conducted 

at the Anvil Points Oil Shale Research Facilities near 

Rifle, Colorado, leased from the United States Government. 
Project duration was from September, 1973 through August, 1976. 
Themstotals cost was about Sl0.- million. Bach or the 17 private 
participants received rights to enter into non-exclusive, 
preferential license agreements to use the Paraho retorting 


technology. 


Two Paraho oil shale retorts, a 30-inch inside diameter Pilot 
Plaieewithea nominal capacity of about 20 barrels» per day 

and a 10 times larger Semi-Works unit were installed and 
operated. Three retorting modes were performed: Direct Heated 
whereby heat was supplied by internal combustion; Indirect 
Heated with an external heat source; and a Combination mode. 
The Anvil Points room-and-pillar mine was reactivated. Over 
100,000 tons of oil shale were mined for processing by the 


Paraho retorts. 


Demonstration runs confirmed a high service factor for the 
Paraho retorts and an oil yield in excess of 92 volume percent 
(based on the Fischer Assay) through a range of operating 


conditions. All three processing modes produce a usable 
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product gas in addition to the above oil yield. 


Environmental testing included analysis of surface and ground 
water, and stack emissions. A cooperative Paraho/U. S. Bureau 
of Mines Retorted Shale Management Project showed that the 
retorted shale can be compacted into strong valley linings and 
cross valley dams that are impervious to water. The water 
requirements for retorted shale disposal are minimal. 
Precipitation onto the disposal area would be contained and 
evaporated with no discharge to surface or underground natural 
waters. Dusting of the relatively coarse Paraho retorted 
shale does not present a problem and can be controlled with the 
use of very little water. These results showed the Paraho 


processes to be environmentally acceptable. 


Paraho has demonstrated and confirmed the following technical 
developments. 


© Operability of oil shale retorting equipment at 


service factors of over 90 percent. 


o Higher thermal efficiency through burns ngeo 
residual carbon on the retorted shale and 


minimizing the discard of fines. 
o Identification of low cost pour point depressants. 


© Manageability of retorted shale produced from the 


Paraho processes. 


o Use of crude shale oil as boiler fuel without 


exceeding nitrogen oxide limitations. 


Oo Reduction in commercial retorting plant investment 


resulting from use of the Paraho retorting processes. 
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Paraho's ability to dispose of retorted shale Tati 
environmentally acceptable way above ground will facilitate 
other uses of the underground cavities created in mining the 
oil shale. An important prospect is in secondary recovery 
by modified in-situ methods of oil shale retorting now being 


perfected by others. 


THE FUTURE 

The results of Paraho's commercial oil shale plant evaluation 
showed that pipelineable crude shale oil at the rate Obe997 2 U0 
barrels per day could be produced for Sire5>0sper  barcreimco 
yield 15% return on a 100% equity investment. A capital 
investment in 1976 dollars would be $1.17 billion. As an 
alternate, 88,500 barrels per day of premium quality, low 
nitrogen, low sulfur syncrude could be produced at S17250F per 


barrel. Capital investment would be $1.58 billion. 


Current U. S. price control regulations stipulated by the 1975 
Energy Policy and Conservation Act allow the purchasers of 
imported crude oils to receive $3 to $4 per barrel through 
entitlements to distribute the lower price of domestic crude 
and the higher cost of imported crude to all refiners. But 
for this, pipelineable crude shale oil at $11.50 per barrel, 
after an appropriate refining penalty, would appear more 
attractive than imported crude oil at $15 per barrel. Chas 
wilJmbe rd practical choice only after something approaching 


a competitive oil market has been restored in this country. 
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The natural pristine environment of the oil shale areas 
currently exceed federal air quality standards. These 
standards must be modified or waived before development can 
occur. Continued suspension of the lease terms on the federal 


oil shale tracts is required in the interim. 


While time is taken to correct the existing constraining 
regulations, important additional work needs to be done at the 
Semi-Works scale. This work has been initiated by the Office 
of Naval Research through contracts with Paraho. ERDA has 


announced its joint sponsorship of the program. 


High front-end investments are involved in commercial shale 

oil ventures and are vulnerable to technological, commercial 
and environmental risks that must be resolved. The next 
logmealestepe:s to constructsand operate a Paraho full- 

size retort module. The cost for such a project at Anvil 
Pointaesiomestimated, to be aboute oss millionvinvl9/67dollars. 
Paraho offered to use payments for the purchase of its 
technology to construct and operate the full-size retort at 
Anvil Points. The Department of Interior has stipulated 

that such expenditures by lessees under the Federal Prototype 
Opiwshatemlieasing program could be creditedmagainst ;their 
fourth and fifth lease payments. A single full-size.retort 
will not be a commercially attractive investment, necessitating . 
joint government/industry support. Our government needs to | 
plan toward energy independence and assist in technology 


development through joint government/industry support. 
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Figure 1-2: Anvil Points Room-and-Pillar Oil Shale Mine 
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Figure 1-3: Anvil Points Process Facilities Including Paraho 
Retorts 





Figure 1-4: Anvil Points Retorted Shale Vegetation Plots 
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INTRODUCTION 
Creare ee ee ROW eT: 


The Paraho Oil Shale Demonstration was a privately financed 
program to demonstrate the Paraho processes and hardware for 
retorting oil shale. It was launched in late 1973 under the 
sponsorship of seventeen private participants, many of whom 


were active in earlier oil shale research. 


The project was conducted at the Anvil Points Oil Shale Re- 
search Facility under lease agreement with the Energy Research 
and Development Administration. In order to conduct the pro- 
ject at Anvil Points, a reactivation and renovation of the 
mine, crushing and screening equipment, retort structure and 
control room, laboratory, shops, office space and housing were 
required. In the interest of economy, this work was done on a 


minimum cost basis. 


Two new Paraho retorts, a Pilot Plant and a Semi-Works, were 
fabricated and erected. Nominal capacity of the Pilot Plant 
was 30 ton/day producing around 20 barrels/day of oil. The 


Semi-Works processed and produced, respectively, ten times 


the above quantities. The Pilot Plant retort was used to explore 


operating parameters in order to define conditions for demon- 


stration in the larger Semi-Works retort. 
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The field results of the Paraho operations concluded in mid- 
1976 and are described in various volumes of the Final Report. 
The results are encouraging. They demonstrate that the process 
works, that the equipment is durable, and that the operation 

is environmentally acceptable on the Pilot Plant and Semi- 
Works scale. A Commercial Evaluation was prepared based on 

the field results as part of the Final Report. The economic 


outcome is also encouraging. 
Deo ae eNA Le RS PORT. 


The Paraho Final Report is divided in several volumes. Each 
volume was individually prepared such that each might be used 


separately. As a result, some Tepetition in; content was neces— 


Sary.) sthe volumes of the Farraie@ neporceare: 
Volume Title 
if Management Summary 
2 Mining Operations 
3) Retort Operations 
4 Laboratory Report 
5 Commercial Evaluation 
6 Retorted Shale Management 


The lease agreement with the government for the Anvil Points 
plant does not require that interpretation or evaluation of 
data or information be supplied to the government. This 


permitted further subdivision of Volume 5 into a summary 








Feral 


Volume 5-A and a details Volume 5-B. The government will receive 


Only VOLumMe 5-A. 


Because of the government's right to publish the data it receives, 
others receiving this information are requested not to publish 
it prematurely before public disclosure is made by the government. 
Secret information and interpretation of data may be published 
only with written permission of Paraho Development Corporation 


or one of its authorized subsidiaries. 


This Management Summary, Volume 1 covers the remaining five vol- 
umes of the Final Report in a summary manner. It also includes 
other aspects of the project not covered elsewhere such aS a 
final financial statement, constraints inhibiting oil shale 
development, future plans of Paraho, explanation of the various 
agreements with participants, stipulations in the Anvil Points 
lease agreement, accounting procedures, and presentation of the 


Paraho Organization assembled to conduct the project. 


3. SUMMARY OF 
RESULTS 
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SECTION 3 
SUMMARY OF RESULTS 


This section is written in a summary manner to point out the 


key results of the Paraho Oil Shale Demonstration. 
3.1 MINING 


Pies Leveltand-Clatis sarod Company, one of the initval partici— 
pants in the Paraho Oil Shale Demonstration, provided the mine 
plan and mining operations for the Paraho project. Between 
August, 1974, and. December, 1975, a.total of 101,490 tons of 

oil shale were mined for processing. The shale, after crushing 
and screening, was used as feed for the Paraho retorts. Mine 
production work had been started in mid-January, 1974. Activity 
at the mine, except for some hauling of stockpiled material, 


ceased on December 15, 1975. 


Temp isita ayetunCceELOn Of the mining effort was toesupply oi 
Shale for the Paraho Oil Shale Demonstration. However, during 
the period, Man/Machine Work Studies of all mining functions 
were made and several types of drill equipment and a mechanical 
scaler were tested for their applicability to oil shale mining. 
An evaluation study to determine the percent of -% inch product 
resulting from blasting and crushing oil shale to -3 inch +4 


inch was conducted also. 
3.1.15 Preproduction Work 


Prior to final acceptance of the access way into the mining area, 


the roof over the entry was carefully inspected. Jointing and 


oye 
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fractures were mapped. Comparisons made with similar information, 
compiled by the United States Bureau of Mines team years before, 
showed that little change had taken place. Only minimal changes 
in roof strata partings had occurred. Sagmeter readings compared 
favorably with those on record, reemphasizing the stable condi- 
tion of the mine roof. Core holes were drilled into the roof. 


Core from these holes showed the roof rock to be competent. 


After ascertaining roof stability, miners were assigned the 

task of roof control improvement. The roof bolts were checked 
with a torque wrench and retightened, as needed. Since existing 
bolts were widely spaced, additional bolts were installed to 


obtaineavtave foot by five ioot spacing pattern: 


The 5.2 mile long road from the mine to the crushing plant re- 
quired extensive repair to accomodate the 50 ton shale haulage 
trucks. The improved road after repair still did not meet the 
new State and Federal safety standards set for elevated mine 
roadways. Full compliance required run outs at each switch- 
back and berms or guardrails on the outside shoulders. Due 

to physical limitations and cost, a variance permitting use of 
of the road, without further modification, was obtained. 
Special equipment needed to activate the mine was acquired in 
the months preceding actual mine startup. A need to minimize 
thescost of mining oil shale for the Paraho project resulted 
in considerable "shopping" to obtain the required machinery. 
Usable equipment remaining from previous projects was renovated. 
A drill jumbo was rented from the Colony Development Operation. 


Two 50 ton capacity Hough Payhaulers were purchased new for 
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hauling shale down the mine road. A mine fan, an aerial platform, 
and a mine electrical load center were all obtained from the 
adjacent Mobil mine through purchase agreement with Mobil Research 


and Development Corporation. 


Prior to mine startup, the 100,000 cfm mine fan with 800 feet 
of six foot tubing was installed for mine ventilation. Utilities 


were installed to points of usage. 
See Eroauccion, Mining 


Five basic functions comprised the production of each round 
taken during the mining operation. The procedure began with 
(1) drilling blast holes in the face; (2) charging each hole 
with an ammonium nitrate and fuel oil mixture as the blasting 
agent and then blasting the face; (3) loading the round into 
the 50 ton haulage trucks for transport down the 5.2 mile mine 
road to the crusher area; (4) roof bolting the newly exposed 
roof area; (5) scaling loose material from the face and pillars 


by mechanical raking and prying. 


Production statistics for the mining operation are as follows: 


Total mined ‘101,490 tons 
Advance per round 18.2 feet 
Production per round eo UF CONS 


3.1.3 Industrial Engineering Studies 


Productivity and cycle times for the various mining functions 
in a commercial sized operation were developed from data ob- 


tained from time studies of the Anvil Points mine operation. 


ao 
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This data, which was based on the prototype equipment, was 

used in the development of productivity and cycle times for the 
equipment envisioned for a commercial-sized operation. Standard 
industrial and mining engineering techniques were used in the 


analyses of the data. 


During the mining operation, several drill manufacturers were 
offered an opportunity to test their equipment on oil shale. In 
addition to testing equipment of different manufacturers, various 


types of drill actions were investigated. 
3.25 sRETORTING 


Paraho Corporation and Development Engineering, Inc. developed 
the vertical kiln technology and the hardware for thermal reac- 
tions prior to the Paraho Oil Shale Demonstration. The companies 
used the technology and equipment in the limestone industry. 
Three large capacity Paraho kilns for limestone have been opera- 
ting commercially for several years. Limestone is a geological 
kin of oil shale marlstone, and several analogies were drawn 


adopting the kiln as an oil shale retort. 


The Paraho of] shale retort is a stationary, vertical, cylindri- 
cal, refractory lined vessel, equipped with shale and gas hand- 
ling devices. The retort contains a number of patented features 
for control of the process materials streams. The retort has 
only two moving parts, a shale discharge mechanism and a raw 
shale feeder. The unit processes lump size oil shale. The 
Paraho retort utilizes counter-current flow and gravity trans- 


port of solids without requiring a separate circuit for solid, 
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heat carrying bodies, or a mechanical device for upward rock flow. 


Two Paraho retorts were fabricated and erected at Anvil Points. 
Arthur G. McKee and Company served as the general contractor 

for the construction effort. The Pilot Plant retort was the 
first retort to be erected and tested. The Pilot Plant retort 
had an outside diameter of 4'-6" (2'-6" inside diameter) and 

an overall height of 39 feet. The Semi-Works retort was approx 
imately ten times greater in capacity with outside diameter of 
10'-6" (8'-6" inside diameter) and 50 feet in height. Nominal 
Gapacity or theiPilot’ Plant was 30) ton/day producing around 

20 barrels/day of shale oil. The Semi-Works processed and 


produced, respectively, ten times the above quantities. 


The retorting program of the Paraho project demonstrated three 
Paraho processes all utilizing the Paraho retorts. The Direct 
Heated process operates by combustion of produced gases and 
residual carbon internal to the retort through the addition of 
air to the recycle gases. The Indirect Heated process relies 
Onsexternaleheating of recycle gases by fired heaters.. A Comb-— 
ination process was developed and tested using features of both 


the Direct Heated and Indirect Heated processes. 


The desire to test three different Paraho processes during the 
Paraho project resulted from characteristic economic advantages 
held by each. The Direct Heated process offers inherent sim- 
plicity and high thermal efficiency. Carbon on the retorted 
shale is consumed to heat the process. This process produces 
low Btu gas adequate to generate electric power for all commer- 


cial plant needs with excess remaining for export to the local 


tyes) 


pe 


power grid. 


The Indirect Heated process produces a high Btu product gas that 
after minor treatment can be pipelined as synthetic natural gas. 
The Indirect Heated process also showed a potential benefit in 
producing a lower viscosity crude shale oil. However, the 
addition of pour point depressants, to either the Direct and 
Indirect Heated crude shale oil would enable pipeline trans- 
mission without local upgrading. Lower investment and operating 
costs along with lower water consumption would be realized from 


eliminating local upgrading facilities. 


The Combination process combines advantages from both Direct 

and Indirect processes. Product gas is of intermediate heating 
value, and lower viscosity crude shale oil is produced. As 

does the Direct Heated process, the Combination process utilizes 
the energy content of the carbon on the retorted shale improving 


thermal efficiency. 
3.2.1 Retorting Program Objectives 


The retorting program was motivated toward the following 


objectives. 


o Demonstrate the operability of the Paraho retort 
processes for retorting oil shale. 

o Confirm that the Paraho retort will enable improved 
control of temperatures to minimize carbonate 
decomposition, maximize the recovery of oil and gas, 


and eliminate the fusion of mineral constituents 


in oil shale causing clinker formation. 
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o Determine scale-up relationships between the Pilot Plant 
and Semi-Works retorts. 

o Operate the retort under variations in feed shale size, 
shale grade, and processing conditions. 

o Demonstrate the engineering feasibility of the Paraho 
technology. 


o Determine commercial design criteria. 


feces ReCOLUING Program Accomplishments 


Retort operation began with cold flow rock tests in the Pilot 
Plant on April 9, 1974 and the Semi-Works on August 23, 1974. 
A total of 19 runs with the Pilot Plant and 31 runs with the 
Semi-Works were completed through April 12, 1976. Runs numbers 
for both retorts were established on the basis of key objectives 


and goals planned. 


Operability of the Paraho retort and processes is evidenced by 
the information shown in Table 3-l. Particularly noteworthy 
are the extended runs of 77 days in the Pilot Plant and 56 
days in the Semi-Works. Minimum operator attention was given 
to the Pilot Plant during the 77 day run. After the 56 day 
run of the Semi-Works, 10,000 barrels of ae shale oil was 


f 
subsequently refined into military fuels for product testing. 


Problems which interrupted on-stream time were mainly Fok ey ha be 
buted to mechanical malfunction of auxiliary equipment. During 
these instances, the retort could be put on standby. A standby 
is accomplished by stopping all air and gas flows and allowing 


the retort to sit full of hot shale, thus maintaining thermal 


TABI Ego. 


RETORT OPERABILITY 


\ 


RUN LENGTH % ON-STREAM 


RETORT RUN NO. PROCESS (DAYS) TIME 

PILOT PLANT 16 DREGE UU 8 Seay TE 
HEATED 

PILOT PLANT 18 DIRECT FAY 8 94.6 
HEATED 

PLO L ee uANT. eS) DRE Gy ert Shere 
HEATED 

SEMI-WORKS if DERECL Ze) 88.4 
HEATED 

SEMI-WORKS 20 DIRECT Dect OO 
HEATED 

SEMI-WORKS 25 TNDLRECT Sule 99720 
HEATED 

SEMI-WORKS Zo INDIRECT 106 OOO 
HEATED 
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inventory. When ready to resume operation, equipment is restarted 


and flows reset not necessitating emptying of the retort or 


reciringea) «stanabyssof vas) long as 2] shours ‘were (taken: 


The hardware associated with the Paraho retort effectively 
eliminated local "hot spots" and resultant clinker formation. 
Temperatures in the retort could be controlled at lower levels 


thus minimizing carbonate decomposition. 


No major differences were recognized between the Pilot Plant 
and Semi-Works retorts under the same operating conditions. 
Scale-up differences between the Pilot Plant and Semi-Works 


were concluded to be minor. 


Both Pilot Plant and Semi-Works retorts were operated over a 
broad range of process conditions. The Pilot Plant was espe- 
cially used to explore operating variables. The full range OL 
shale grade produced from the mine were retorted effectively 
in both retorts. Variations in shale grade were from 18 to 

33 gallons per ton. Retort operation and stability was not 


overly sensitive to changes in process conditions. 


The engineering feasibility of the Paraho retort and processes 
is considered favorable. Scale-up differences between the 
Pilot Plant and Semi-Works were minor. Thus it is felt that 
design and operation of a much larger full-size retort is 
viable. The Paraho retorts built at Anvil Points are mechani- 
cally simple, and it is expected that a full-size retort will 
be similar. The wear rate on moving and stationary parts was 


found to be low on both the Pilot Plant and Semi-Works retorts. 
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This confirmed previous experience in commercial Paraho lime 
kiln operations over much longer periods under more severe 
conditions. The auxiliary equipment and structural components 
of the retort and processes are seen to be commercially avail- 


ablevat. this time. 


The retorting program enabled determination of commercial de- 
Siagnvmcr1certas Or both thesbrrect and indirect Heated” processes. 
Time remaining in the program did not allow a demonstration run 
to confirm operating data in the Combination process. The design 
data determined for Direct and Indirect Heated: processes were 


utilized as a basis for the Commercial Evaluation, Volume 5. 


Commercial design criteria for the Direct Heated process were 
obtained from the 26 day Semi-Works run SW-20. A 99.7% on- 
stream factor was observed. The stream time lost was caused 

by power failures and repair of a conveyor belt. Standbys were 
taken during these instances. Liquid oil recovery averaged 92 
volume percent of the laboratory Fischer Assay. Product gas 
yield was 7200 standard cubic feet per ton of shale fed which 


Hs vavtuelo1l) equivalent of 4.6 gallons per ton. 


Commercial design criteria for the Indirect Heated process were 
obtained from the results of the 31.2 day demonstration run 
SW-23, and a follow-up 10.6 day confirmation run SW-28. Inter- 
ruptions during SW-23 were limited to mechanical malfunctions 
in the recycle gas heaters. SW-28 had a perfect stream record. 
These runs resulted in a liquid oil yield of 92 volume per- 
cent of Fischer Assay and 700 standard cubic feet per ton of 


high Btu gas having a fuel oil equivalent of 3.4 gallons per 


S=F0 
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ton. Evolutionary changes in operating conditions during these 
runs resulted in reducing heat input per ton, thereby increasing 
thermal efficiency. Crude shale oil viscosity and pour point 
were markedly reduced in conjunction with thermal efficiency 


improvement. 


Testing of the Combination process was also successful. The 
distribution of this Management Summary, Volume 1, does not 
allow comment on the complete results. A separate section to 
the Retort Operations, Volume 3, covering the complete results 


will be published and distributed appropriately. 
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3.3 ENVIRONMENTAL STUDIES 


One of the objectives of the Paraho Oil Shale Demonstration 
was to determine the environmental acceptability of the Paraho 
retort and processes. Obvious advantages, which were evident 
from the start, are that the Paraho retort consumes no water 
in any of the Paraho processes, in fact the processes produce 
water; and the lump size retorted shale produced does not 
create a serious dust problem. In addition to demonstrating 
and verifying these basic environmental advantages, Paraho 
conducted environmental testing and an extensive research 


and development program on the disposal of retorted shale. 
3.3.1 Environmental Testing 


More than 3000 test data points were obtained by environmental 
testing during the Paraho project. The environmental testing 
dealt with the process water (water produced by the retorting 
process), surface and ground water, and stack emissions. Be- 
cause of the specialized nature and the sensitivity of these 
tests, much of the work was performed by outside laboratories. 


These laboratories included: 


Rocky Mountain Technology, Golden, Colorado 

Gulf Energy and Minerals Co., Denver, Colorado 

Exxon Research and Engineering, Florham Park, New Jersey 
Laramie Energy Research Center, Laramie, Wyoming 


TRW, Redondo Beach, California 
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Data obtained by these outside laboratories agree quite 

well with those obtained in the Paraho Laboratory. The stack 
emissions (particulates, SO,, NO,) met the stringent Colorado 
standards. No arsine or carbonyl sulfide were detected. Most 
of the parameters monitored in surface or ground water did 

not exceed federal or state specifications. A special study 
of local streams (located near mine road activity, adjacent 

to retorting operations, and at least two miles distant from 
any oil shale activity) showed no significant differences 


in parameter concentrations. 


In general, the data obtained during the environmental testing 
Show that the Paraho processes are environmentally acceptable 


On the Pilot Plant and Semi-Works scale. 
3.3.2 Retorted Shale Management 


KS@depanteor thesParaho = proyect, laboratory andetield tests 
were performed by Woodward-Clyde Consultants for the United 
States Bureau of Mines to determine the physical and chemical 
properties of the retorted shale for use in the development of 
eventual full-scale disposal plans. The laboratory and field 
testing program involved six phases of research investigations: 
(1) laboratory physical and chemical tests on old U.S.B.M. re- 
torted shale; (2) laboratory physical and’ chemical tests on 
Pilot Plant retorted shales; (3) laboratory physical and chemi- 
cal tests on retorted shale from the Semi-Works retort; (4) 


field compaction tests on retorted shale from the Semi-Works 
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retort; (5) field infiltration pond studies on compacted re- 
torted shale from the Semi-Works retort and (6) studies on 

the physical properties of crushed and natural raw shales. 

In addition, it was requested that observations be made of the 
auto-ignition or combustion tendency of the carbon bearing 
retorted shale. The principal objectives of the research 
program were to determine how the waste retorted shale pro- 
duct should be handled for final disposal, and if the materials 
had structural properties that could be utilized in disposal 


schemes. 


The results showed that the retorted shale which exits from 
the Paraho retort can be classified as a non-plastic silty 
gravel (gravel-sand-silt-mixture) by the Unified Soil Classi- 
fication System. The particles vary greatly as to bulk speci- 
fic gravity and soundness because the raw shale may be massive 
or laminated, variable in density and have different amounts 
of water and kerogen. The particles also may be subjected 

to different degrees of heat treatment as they pass through 
the retort, and therefore the particle soundness, mass 


specific gravity and chemical make-up vary. 


The retorted shale can be compacted by normal laboratory and 
field tone methods to about 90 to 100 pounds per 

cubic foot dry density depending upon the degree of compactive 
effort applied. The addition of moisture does aes: improve 
compactibility appreciably. When high compactive effort is 


applied, the retorted shale is classed as impervious to 








@ 
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water flow. The compaction test fills showed that good densi- 
ties could be obtained by compacting the retorted shale with 
conventional soil compacting equipment. The best compaction 


equipment appeared to be the heavy vibrating roller. 


The proposed plans for the surface disposal of Paraho retorted 
shale envision the construction of an impervious cross-valley 
dam and constructing an impervious lining in the valley dis- 
posal area. These can be constructed with compacted retorted 
shale. With this scheme any leachates from the disposal pile 
would be prevented from reaching groundwaters and surface 
runoff would be captured. Upstream flows would be diverted 
around the disposal area. Leaching may not be the problem 
Obiginally visualized... “In this arid country. the evaporation 
rate exceeds the precipitation under normal conditions. Test 
pond studies showed that almost 100% of the water sprayed on 
a large test pond, to represent a 2-inch rain in 30 minutes, 
was absorbed and absorbed by the retorted shale and only an 


insignificant amount permeated through the mass. 


The water requirements for retorting and disposing of the 
retorted shale will be small. Moistening Paraho retorted 
Shale does not improve compaction properties to any signifi- 
cant degree. Thus moistening for compaction purposes will 
only be required for the small portion of retorted shale 

which is used to construct the dam and valley lining. Dusting 
of the relatively coarse Paraho retorted shale does not 


present problems associated with fine materials produced by 
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some other processes. With proper handling techniques dusting 
should not be a serious problem and significant amounts of 


water for dust control are not anticipated. 


The Paraho retorted shale did not exhibit auto-ignition ten- 
dencies when spread in layers on the test fill. Cooling took 
place rapidly, even on hot summer days. Water for cooling 


purposes is not anticipated. 
3.4 COMMERCIAL EVALUATION 


Economic analysis of various aspects of the Paraho retorting 
processes was a continuing effort throughout the Paraho pro- 
ject. Improved process economics was a key objective in the 
retorting program. A preliminary commercial economic analysis 
was presented in May, 1975, in the "Prospectus for a Paraho 


Full-Size Module" brochure. 


As part of the Paraho project, a final Commercial Evaluation 
regarding the feasibility of an oil shale venture was prepared 
for the participants. The Commercial Evaluation was developed 
by joint discussions between the Technical Advisory Committee 
of participants, The Cleveland-Cliffs Iron-Company, Arthur G. 
McKee & Company, Sohio Petroleum Company, and Paraho. The 
Commercial Evaluation was prepared on a conservative basis. 

It represents a buyer's point of view rather than a seller's 
point of view. Costs were order-of-magnitude estimates of 


+ 25% accuracy. 


Ershhh 


A total of five cases were studied in the Commercial Evaluation. 
In all cases the oil shale retorted was 157,421 tons per 
stream day. Similarly, the crude shale oil produced was 
100,000 barrels per stream day in each case. The amount of 
net products produced varied according to the retorting and 
upgrading plan used in each case. All cases assumed the same 
Capital and operating costs for mining, material handling, 
and retorted shale disposal. The necessary work and related 
costs to provide a proper site, infrastructure, onsite and 
offsite facilities were included in all cases. Capital and 
operating costs were adjusted according to the retorting and 


upgrading facilities used in each case. 
3.4.1 Case Descriptions 


The five cases studied are described briefly below and sum- 


mMarized in Table. 3-2. 


Base Case. Twelve Direct Heated and twelve Indirect Heated 
retorts were combined to provide a fuel gas pool balanced 
with respect to production and consumption. Crude shale oil 
was upgraded by coking and hydrotreating of the distillate 


Eraccions. 


Alternate 1. Eighteen Direct Heated and six Indirect Heated 
retorts were combined to provide a fuel gas pool balanced 
with respect to production and consumption. Crude shale oil 


was upgraded by direct hydrotreating of crude shale oil. 
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Alternate 2A. Twenty-four Direct Heated retorts were used. 
Liguid product was crude shale oil with pour depressant added. 


No upgrading of crude shale oil was included. 


Alternate 2B. Twenty-four Indirect Heated retorts were used. 
Liguid product was crude shale oil with pour point depressant 


added. No upgrading of crude shale oil was included. 


Alternate 2C. Eighteen Direct Heated and six Indirect Heated 
retorts were combined to provide a fuel gas pool balanced with 
respect to production and consumption. Liquid product was 
crude shale oil with pour point depressant. No upgrading of 


crude shale oil was included. 


Inclusion of the Paraho Combination process in the retorting 
schemes for Commercial Evaluation was not considered. Time 
limitations in the retorting program of the Paraho project 
did not allow a demonstration run to determine definitive 


commercial design data. 
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TABLE; 3-2 


DESCRIPTION OF CASES —’ SUMMARY 


BASE CASE ALTERNATE 1 ALTERNATE 2A | ALTERNATE 2B] ALTERNATE 2C 


Number of DH Retorts 18 
Number of IH Retorts 6 





Upgrading Delayed coking Severe hydro- 
of shale oil treating of 
shale oil 
Hydrotreating 
coker 
distillates 


Products Low pour point Low pour point Crude shale Crude shale Crude shale 
low nitrogen & low nitrogen & fem ial OuaL oil 
Sulsnuresyntnetic) sulfur synthetic 
crude crude Pipeline gas 


Byproducts Sulfur Subruxs Sulfur Sia fue Sulfur 
Ammonia Ammonia Ammonia Ammonia Ammonia 


3.4.2 Economic Results 


Key results of the Commercial Evaluation are shown in Table 
3-3. From these results, the following conclusions were 


drawn by Paraho. 


© A ‘crude shale oil price of $11.50 per barrel, which 
includes the cost of pour point depressant addition, 
is needed to yield a 15% return on investment. The 
prices of crude shale oil and conventional crude oil 
cannot be properly compared without examining the 
possible added refinery investment and operating costs 
‘related Be the processing of crude shale oil. To 
refine imported Saudi Light or African Sweet crudes 
(which in July, 1976, delivered to the U. S. Gulf 
Coast at $13 to $14 per barrel) requires lower refining 
investment than crude shale oil. 

© A syncrude price of $17.50 per barrel is needed to 
yield a 15% return on investment. Syncrude is a high 
guality "bottomless" material that should carry a pre- 
mium value over imported crudes. This is because of 
the higher proportion of high priced products producible 
from syncrude, the additional advantage syncrude offers 
refiners having "bottom of the barrel" limitations, 
and the possiblity that syncrude might be marketable 


directly as a wide-range distillate fuel. 
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It is likely that many refiners would find crude shale 
oil at $11.50 per barrel a better buy than syncrude at 
Sar. 50 per barrel. 

o A commercial oil shale installation will consist of 
very large and complex units of mining, retorting, and 
possibly upgrading - all close coupled and interdepen- 
dent. A high operational risk is involved since each 
operating unit must have a high "on-stream" factor to 
maintain the desired production levels. Failure to 
achieve this reliability would have a major impact on 
project economics. | in addition, (such investments are 
vulnerable to-technological, political, commercial, 
and environmental risks that must be resolved. Conse- 
guently, the module program that has been proposed by 
Paraho should be implemented. The purpose of the pro- 
gram would be to demonstrate this technology, at full- 
scale, in a module of the size and design anticipated 
for commercial plants. Such a demonstration will pro- 
vide a sound basis for: 

© Establishing reliability and "on-stream" factor. 

o Predicting capital and operating costs for com- 
mercial units more accurately. 

o Evaluating environmental impact, such as re- 
torted shale disposal and ambient air quality. 
Since much of the undeveloped oil shale country, 
in its natural state, is believed to be in vio- 
tation of the Clean Air Act standards, some 


changes or waivers in these will be needed. 





Farah 


o Determining minimum water requirements - an 


important aspect of oil shale development. 


Such a module will represent a large research investment 
with no immediate return. Therefore, to maintain the 
momentum established by Paraho, encouragement of this 
step by joint government/industry cooperation is es- 


sential. 


¢ | 
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Feed 


Oil Shale TPSD 
Woaecwe —eACre, ft. /yr. 


Net Products 


Crude Shale Oil BPSD 
Syncrude BPSD 

SNG MMSCFD 

Sueur - [PSD 

Ammonia TPSD 

Excess Power Generated MW 


Economics (1976 Dollars) 
Investment - SBillions 


Operating Cost - 
PeeM UT Ons Yr. 


TABLE 3-3 


PARAHO COMMERCIAL EVALUATION 


OVERALL CASE SUMMARY 


BASE 
CASE 


Pov 7a21 
8,070 


Calee0) 
MS! 
51g) 


Oil Price (100% Equity Basis): 


$/Bbl 


Wolo Ss) 


ALTERNATE 


a 


157,421 
or eG) 


88,542 


Oil 
415 


cei/ ron) 


ALTERNATE 


2A 


Aaa) exe iva 


5,740 


997, ERO 


ives U 


ALTERNATE 


2B 


157,421 
3,460 


83,560 
114 
Zea 


teks 1S 


ALTERNATE 


ae 


Ona 
SIPS Ab 


94,220 


L210 
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44 
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es 335°)) EINANCIAL, AUDIT 
STATEMENT BY PROJECT ACCOUNTANT 


Paraho Development Corporation and its subsidiaries operate on 
the fiscal year September 1 to August 31 basis. This permits 
an annual audit during the period prior to the normal calendar 


year tax filing period. 


The Auditors from Price Waterhouse and Co. spent three weeks 

in our offices inspecting records and analyzing accounts and 
procedures. We feel that they were diligent in taking the 

time necessary to perform a complete examination of the records. 
We also feel that they were impartial and fair in their audit 


e to all parties who had a financial interest in the project. 


The audit report which follows summarizes the results of their 
findings. Expenditures in excess of contributions were by 


Paraho Development Corporation and its subsidiaries. 














PARAHO OIL SHALE DEMONSTRATION, INC. 
PARAHO OIL SHALE DEMONSTRATION PROJECT 
STATEMENT OF PARTICIPANT CONTRIBUTIONS 

AND PROJECT EXPENDITURES 
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through August Sly 1976 
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to the Board of Directors of 
Paraho Oil Shale Demonstration, Inc. 


We have examined the accompanying statements of participant con- 
tributions and project expenditures of the Paraho Oil Shale Demon- 
stration Project managed by Paraho Oil Shale Demonstration, Inc., a 
wholly-owned subsidiary of Paraho Development Corporation, for the 
period April 3, 19/73 through August 31, 1976. Our examination in- 
cluded tests of the accounting records, inquiries and such other 


auditing procedures as we considered necessary in the circumstances. 


In our opinion, the aforementioned statements present fairly the 
participant contributions and project expenditures for the period 


ADL LI toyoamcucourh Ausust. 31, 1976. 
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PARAHO OIL SHALE DEMONSTRATION, INC. 
cy PARAHO OIL SHALE DEMONSTRATION PROJECT 
STATEMENT OF PARTICIPANT CONTRIBUTIONS AND 
PROJECT EXPENDITURES 


For period 
Apri 3e219/30- 


August 31, 1976 


Participant contributions (per accompanying 


statement) $9,450,000 
Project expenditures (per accompanying 

statement) 9,520,629 
Expenditures in excess of contributions S 7OR6Z9 


© 


See note to statements. 
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PARAHO OIL SHALE DEMONSTRATION, é 
PARAHO OIL SHALE DEMONSTRATION PROJECT 
STATEMENT OF PARTICIPANT CONTRIBUTIONS 


HOVE em uci LOO ADT emo 7 omcnrough August. 31, 1976 


Cleveland Cliffs 
Iron Company 

Gulf Mineral Re- 
sources Company 

Southern California 
Edison Company 
Sohio Petroleum 
Company 

Arthur G. McKee 
and Company 

Mobil Research and 
Development Cor- 
poration 

The Carter Oil 
Company 

Standard Oil 
Company (Indiana) 
Shell Development 
Company 

Webb Oil Shale 
Joint Venture 

Sun Oil Company 

Phillips Petroleum 
Company 

Texaco Inc. 

Atlantic Richfield 
Company 

Marathon Oil 
Company 

Chevron Research 
Company 

Kerr-McGee Corpora- 
LOT 


Cash 


560,000 
560,000 
560, 000 


560,000 


560, 000 
560, 000 
560,000 
Bo, 00.0 


560,000 
560 , 000 


560,000 
560, 000 


560, 000 
560,000 


560,000 


Die 00 
$8,890,000 


ProjeceecOoneriputions 


$560,000 


$560,000 


See note to statements. 


INC 


Late charge 
assessments 
Services (distributions) 


SiGLOF22/p) 


Ge as) 
Ee bape 22m/) 


GS) all) 


: 


Lrotar 


S407 73 
5405773 
540,773 
940,773 


560,000 


560,000 
560,000 
560,000 
525,000 


560,000 
560,000 


560,000 
560,000 


5/2,026 
Si ie 0G 


607,080 


525,000 
$9,450,000 
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@ PARAHO OIL SHALE DEMONSTRATION, INC. 
PARAHO OIL SHALE DEMONSTRATION PROJECT 
STATEMENT OF PROJECT EXPENDITURES 


Moree em cr OceApT1 1 5,0 .97/anthrough August 31, 1976 


Office 
Anvil Grand Special Water Auto and Overhead Pre-project 
Plant Mine Points Junction studies Laboratory system truck Housing allowance preparation Total 
Labor and related 
benefits SEL OO Seep O22 .0mo 295 O42r9 Blo. 45 ji 6S) 62 2271 S 683 Si 313.700 
Contract services: 
Operating 449,119 2337050 Yaak ¥) Pah ALI sy P17 G6 eo 005 912,095 
Maintenance 691,924 193,698 Pog 119 , 446 US Pei IPE ADO, 3,767 b,.0457:641 
Engineering 437,549 Add, LANL 560,000 
Geotechnical 2097167 209,167 
Other 2O5n 46 TS / L446 4,988 Sh te Oro LS 262270 6,147 2,966 561329 
Capitalized equip- 
ment expenditures 456,020 20reslS S159 /51,05 $36,061 594,726 
Non-capitalized 
equipment ex- 
@ penditures POT 225 ghee lS) 6,462 Lf e7, oO5 2204 Mes) Ay 25 Pisa oh! aL 
Repair and mainte- 
nance PL278 2:7 Layee a OM 586 oF 4,663 45537.) 867670 LS 7s 23 
Supplies 264,583 14556 23039 19,196 35a 00 SW okeW/ 12,189 2,947 1, 838 S15 e255 
Utilities 309,244 2233 28 WA, OWES, 3,842 3926 
Legal and profes- 
sional 58,663 OUR 439 150302 
Taxes and insurance OF 722 89,816 pA Neate) 190 799 64 102,750 
Other ipa o2 DOO MeL Odi 2er. Belo, 602 Spel OL 5 tags oa a k Zp S2o see $250,000 846,655 
Be cor Jeeelet >On Ol, b30,,.9732) 608, 602 OF Bar37 1: 338,984 80,930 4659208 30moeD 9257 3bi5 250,000 9,956, 746 
Amounts billed 
to others (20,180) (mde) meee 22S a Cl 080)) 687059) C1010) 0 (18) a) (436,117) 
TOLaL project 
expenditures $5,359,172 $1,141,235 $1,113,938 $593,566 $ 309,722 $337,974 $80,930 $46,902 $30,075 $257,115 $250,000 $9,520,629 


See note to statements. 
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PARAHO OIL SHALE DEMONSTRATION, INC. 
PARAHO OIL SHALE DEMONSTRATION PROJECT 
NOTE TO STATEMENTS 


Beginning in April, 1973 Paraho Oil Shale Demonstration, Inc. 
(POSD) entered into a series of agreements with 17 companies engaged 
in energy and related fields whereby POSD agreed to manage a demon- 
stration project involving testing and demonstrating an application of 
a vertical kiln retorting process for oil shale. POSD has been 
compensated on the basis of an overhead allowance equal to 10% of 
labor and fringe benefits and 2% of all other allowable project ex- 
penditures. 


Approximately $436,000 of expenditures incurred primarily in 
connection with an unrelated.contract with the U.S. Bureau of Mines 
were recorded in various project expense categories but are not allow- 
able expenditures within the terms of the operating agreement. Such 
expenditures were not charged to the participants and are shown on the 


statement of project expenditures as "Amounts billed to others." 


The significant accounting policies followed by POSD are sum- 
marized below. 


Papeie lpatleacOnGelbuttons 


Participant contributions include cash and service contributions, 
net charges for late payments and credit for a discount for prepay- 
ment of a participant's entire obligation. Project contributions 
include accruals for the participants' final project billings which 
were rendered by POSD prior to August 31, 1976 but not received until 
after that date. In accordance with an understanding among the par- 
ticipants, the initial late charge of $12,428 paid by Atlantic Rich- 
field Company was remitted to Paraho Development Corporation to be 
used in public relations efforts to promote oil-shale development and 
has been reflected as a distribution to the first four participants on 
the statement of project contributions. Subsequent late charges were 
distributed equally to the first four project participants in accord- 
ance with the operating agreements. 


Projecteexpenad lures 


Project expenditures are governed by several operating agreements 
between Paraho Development Corporation, Paraho Corporation, Develop- 
ment Engineering, Inc. and POSD. They include estimated accruals of 
approximately $56,000 for services which have not been rendered at 


August 31, 1976. It is possible that actual payments may be more or 
less than these accruals. However, there will be no change in amounts 
billed to participants to the extent that actual payments are differ- 
ent from estimated charges since the project was overexpended by 
approximately $15,000 excluding the estimated amounts. 


Supplies expense/inventory 


A supplies inventory is maintained and items are charged to the 
demonstration project as they are consumed. 


Equipment expenditures 


The majority of equipment expenditures were incurred in the 
construction of the vertical kiln retort and are reflected as non- 
capitalized equipment expenditures on the statement of project expen- 
ditures since there is no proven commercial or salvageable value 
associated with the retort. However, to the extent that equipment 
acquired had an alternative commercial use or appreciable salvage 
value, such charges have been classified as capitalized equipment 
expenditures on the statement of project expenditures. 


| 


4, DEVELOPMENT 


CONSTRAINTS 
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SECTION 4 
CONSTRAINTS INHIBITING OIL SHALE 


During the initial phase of the Paraho Oil Shale Demonstration, 
the development path for commercialization of oil shale appeared 
Clearwencwencollreging. But since late 1975, severalvexternal 
events have occurred which imposed serious constraints on oil 


shale development. They are discussed below. 
4.1 LOSS OF THE JOINT GOVERNMENT/INDUSTRY INITIATIVE 


In May 1972, the President of the United States approved Paraho's 
leasesonetne Anvil Points o11 shale facilities. In April (1973, 
Paraho offered a series of agreements to the energy oriented 
companies of the United States covering the organization of the 
Paraho Oil Shale Demonstration. By August 31, 1973 this organi- 
zation had been implemented through the ratification of the 
agreements by the first ten participants. A group of four 
independent oil producers joined as the eleventh participant, 
the Webb-Gary-Chambers~McLoraine Group. Eventually seventeen 
participants joined representing twenty energy organizations. 
This broad industry participation, which had been encouraged by 
the government in issuing the lease, evidenced industry's 


interest about oil shale development. 


In) Octoberweig7s, the Arab Ol) embargo eccurred. Subsegtfent 
shortages of petroleum products in this country produced long 
lines of automobiles at service stations and gasolineless days. 


This created the first public awareness of our critical energy 
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Situation. This awareness plus such nominal efforts as the im- 
plementation by the individual states of a new national 55 mile 


per hour speed limit had noticeable conservation impacts. 


Parlyel Delove—sthe auctlon Of thesrarst o1x federal jo1l= shale 
leases occurred. This long awaited prototype oil shale leasing 
program could not have been better timed. It produced winning 
budcmot@oen Oem! | l10n(Ga)manadeolavemil lion, (Cb) {tor the two 
Colorado leases and $75 million (Ua) and $45 million (Ub) for 
the two Utah leases. These bids were at least ten times higher 
than expected. No bids were received for the less attractive 
Wyoming leases. The Rio Blanco Oil Shale Project (Ca), the 
Colony Group (Cb), and the White River Shale Project (Ua and 
UB) were immediately organized to carry out the expensive base 
line environmental monitoring programs and detailed development 


plans stipulated in the leases. 


By late 1974, Paraho had designed, fabricated, installed, and 
operated two Paraho oil shale retorts at Anvil Points, the 
Pilot Plant and the Semi-Works unit. Encouraged by this success, 
planhing was begum for tthe (first full—sizeyParaho pretort .. «Con 
siderable interest and support was evidenced by government and 
industry sin ethis idea of building a full-size Paraho module. 
After consulation with the Secretary of the Navy, the chair- 
men of the Armed Services Committees of the U. S. House of 
Representatives and the U. S. Senate granted the right to mine 
the additional shale required for the module from the Naval 
Reserve. The Navy authorized proceeding when ready. Develop- 


ment Engineering, Inc. exercised its option to extend the lease 
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on the Anvil Points Oil Shale Experimental Station. The Bureau 
of Mines completed an environmental assessment of the module 
proposal. The Solicitor's office of the Department of Interior 
issued Guidelines for the Federal Prototype Oil Shale Leasing 
Program. These Guidelines provided, among other things, that 
expenditures by lessees for patented or demonstrated technology, 
such as Paraho's, would be creditable against the fourth and 
fifth lease bonus payments. Paraho offered to use such payments 
fOr thesconstruction, of thesmodule, at} AnvicL Pointsiand: ito turn 
the facilities over to the government at the conclusion of the 


program. 


In May, 1975, Paraho issued its prospectus proposing to construct 
and operate a full-size Paraho module at Anvil Points. The pro- 
posal included a full-size Paraho retort, an expanded mine, 

and all the auxiliary equipment needed to operate this full- 

size module. A cost of $76 million was estimated for construc- 
tion and operation. This cost was subsequently updated to $85 


million in early 1976 dollars. 


In July, 1975, the $6 billion Synthetic Fuels Amendment was 
added to the ERDA appropriation act and was approved by the 
U. S. Senate. With this federal assistance in the offing, it 
looked like everything needed to move ahead with joint govern- 
ment industry financing would be available for the full-size 


Paraho module. 


President Ford visited Paraho's Anvil Points operation in 


August, 1975, with Frank Zarb (Federal Energy Administration), 
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Congressman Tim Wirth (Colo.-D), and Senator Garymgeanu (Colo. — Dye 
They toured the mine and plant, witnessed Paraho's ability to 
produce oil from oil shale and were impressed. President Ford 
reported favorably to the media about the size, productivity, 

and environmental acceptability of Paraho's operation and stated 
that oil shale must have a bigger part in this country's energy 
program. This was before the Energy Research and Development 
Administration was threatened with legal action by an environ- 
mentalist desiring another Environmental Impact statement Eon 


the Paraho full-size module. 


Paraho designed the module proposal to comply with the existing 
Environmental Impact Statement for the Paraho PLOgecu,, DUEELAe 
threat of a suit raised concerns within ERDA. In OCEODET a Cua 
ERDA decided that a new Environmental Impact Statement would 
have to be prepared before Paraho could build csr rit size 
module at Anvil Points. This would require at least a year, 

was commenced immediately, and is still in progress as of 


December 1976. 


The Oil Shale Sub-Committee of the Science and Technology 
Committee of the U. S. House of Representatives visited Anvil 
Points preparatory to its hearings on the $6 billion Synthetic 
Fuels Amendment. Extensive hearings were conducted in Washing- 
ton D. C. and other cities. Considerable differences of opinion 
were aired by high ranking industry representatives both for 

and against the amendment. Convincing support by Administration 
witnesses was not forthcoming in every instance. The political 


aspeces Of coal vs. oil shale kindled smoldering regional dis- 
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putes. Instead of these being doused by the knowledge that 
accelerating all forms of potential U. S. energy resource devel- 
opment would not be adequate to meet our national needs, they 
were fanned into fires as politicians sought to improve their 
local positions for the coming 1976 elections. In such confla- 
grations, the smaller representations of the less populated oil 
shale states can only lose to the larger eastern coal states. 

As a result, the Amendment was badly defeated in the House of 
Representatives in December 1975. However, an unbiased person 
would have to conclude that legislation suffering such a complete 
defeat had not been properly conceived and structured in the 
first place. For whatever reason, defeat of this amendment 
appeared to signal the end of any constructive federal energy 


policy initiative. 


The so called Energy Policy and Conservation Act was passed in 
December 1975, and approved by President Ford. Among other 
things, this bill actually rolled back the prices of domestic 
crudes. These oils had been under price controls for several 
years and were already well below world oil prices. This 
consumer oriented price roll-back shocked the industry. It 
encouraged consumption of our critically short supplies at a 
time when some upward price relief conducive to conservation 
and new forms of energy development was anticipated by the 
scheduledsexpiration Of price controls. The increase in oil 
consumption which has followed suggests that the public is no 


longer concerned about conservation. 


— Bask 


ra) During 1976, House Rule (H. R.) 12112, with bi-partisan support, 
held promise of doing at lower cost what the $6 billion Synthetic 
Fuels Amendment had failed to do, create a federal initiative. 
Extensive hearings were conducted by the Science and Technology 
Committee. Industry support was greater but not unanimous. 
Administrative representatives were more convincing. However, 
just when passage appeared possible, H. R. 12112 was side- 
tracked into several other House Committees. The resulting 
delays prevented getting a Rule to bring the Act out OfeConimdaa 
tee and before the House of Representatives until just prior 
to the October 1976 adjournment. As a result, rather than 
delay adjournment to debate such a complicated matter, the 
Rule lost by a single vote and H. R. 12112 did not reach the 

© floor of the U. S. House of Representatives. Considerable time 

may be required to revive the lost joint government/industry 

initiative of 1974 and early 1975. Proposing additional new 


legislation may not be the answer. 
4.2 ENVIRONMENTAL REGULATIONS 


Current environmental regulations give the industry's high 
bidders in the prototype federal oil shale program little 
cause for optimism. Results of their base-line environmental 
monitoring of these leases illustrate the point. The natural 
pristine environment in these isolated areas of;Colorado. and 
Utah is in violation of the unreasonable standards that have 
been set. Measurements of ozone, non-methane hydrocarbon, and 
particulate matter on the tracts exceed the legal limit of the 


national air quality standards. Either the standards must be 
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modified or waivers must be obtained before development could 
begin. The suspension of the lease terms which was granted late 
in 1976 for one year, by the Department of Interior, must be 
continued until relief is obtained. Otherwise, an important 
segment of the industry, which has invested large sums in good 
faith in the expectation of developing these federal leases, 
will be forced to surrender them because of unreasonable and 


unrealistic federal regulations. 
4.3 PLANT COST INFLATION VS. OIL PRICE CONTROLS 


During the last few years, the estimated cost to construct a 
100,000 barrel per day oil shale plant has escalated from $600 
million to $1.6 billion dollars. These investment cost estimates 
were made for a plant to produce high quality synthetic crude 
G1) ether ticure iOt oi. 6 billion dollars 1s a result of the 


study prepared for the Paraho Commercial Evaluation Report. 


As a result of the dramatic increase in plant capital costs, the 
price of upgraded synthetic shale oil is now estimated in 1976 
doliarssdteslty.50sper barnes. sThis spricesis calculated to 
realize a 15% rate of return on investment (100% equity basis). 
It is considerably lower than has been reported for other 
synthetic fuel technologies for producing syncrude from oil 
shale and coal. Even $17.50 per barrel for Paraho syncrude 

is Neb eteraccive at current S13 to $14 per barrel delivered 
cost of imported crude oil. Year-end 1976 crude oil price 
increases being considered by the Oil Producing and Exporting 
Countries (OPEC) might soon result in imported crude oils de- 


livering here for about $15 per barrel. 


4-7 
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By comparison, as reported herein under Commercial Evaluation, 
Section 3.4, a price of only $11.50 per barrel would be required 
for a pipelineable Paraho crude shale oil. Assuming that reas- 
Onable modifications are made in the environmental regulations, 
this would yield a 15% rate of return on investment (100% equity 
basis) to the builder of a shale oil plant without oil upgrading 
facilities. Even though crude shale oil may have to bear a refin- 
ing penalty of a few dollars per barrel, it would be viewed as 
more attractive by many domestic refiners at $11.50 per barrel 


than high quality Arabian Light crude oil at $15 per barrel. 


Unfortunately, our current U. S. price control regulations would 
not make this a practical choice. This is because purchasers 

of imported oils can be expected to obtain entitlements valued 
at $3 to $4 per barrel. Entitlements are provided under current 
government regulations to importers of foreign crude oil. The 
purpose is to provide a kick-back to importers from the process- 
ors of price controlled, domestic crude oil. The purpose is to 


distribute the lower cost of domestic crude to all refiners. 


In the event of continued inflation in plant and equipment at 
the rates previously experienced, investment-planning and 
decision making concerning oil shale plant development would 
be difficult without the impediment of domestic oil price 
controls. Even though the world price of imported crude oil 
continues to escalate in the future as fast or faster than the 
amount of investment required to build an oil shale plant, it 
will not serve to encourage the construction of such plants in 


the United States because of our current federal regulations. 














Farah 


Rather it will serve to increase the outflow of dollars and jobs 
EEOMethismcountry tO the O1L Producing and Exporting Countries: 
According to recent U. S. Department of State figures, these 
countries have moved from fourth in world monetary position 
behind West Germany, Japan, and the U. S. to first by a size- 
able margin now controlling nearly 1/3 of the total world 
currencies. With increased outflow of dollars, the U. S. eco- 
nomic and energy situation will worsen. The power of OPEC to 
shut down American industry by boycott will increase and our 


national defense posture will decline. 


To change this picture, something approaching a competitive oil 
market must be restored in this country. Then, the optimum con- 
tribution from all potential domestic energy sources can be 
obtained. Conservation will be encouraged. A commercial 

shale oil industry could develop which would help to reduce 
imports, retain jobs and capital to meet domestic needs. It 


would reduce national security concerns. 
4.4 TECHNOLOGY 


For many years, technology has been a constraint to oil shale 
commercialization; however during the past two years, a number 
of technical developments have occurred which improve the near 
term outlook for oil shale. Most of these developments are a 
direct result of the recently completed, aptinereale: financed, 
Paraho Oil Shale Demonstration conducted at the Anvil Points 
facilities of the Energy Research and Development Administration 


near Rifle, Colorado. 











1) 


2) 


3) 


4) 


Operability of oil shale retorting equipment has 
finally been demonstrated in the field. This was 
accomplished in the two new Paraho retorts installed 
fen ee Owns Dyan Ong LunSeOl  / 7,656. pes peo peand 


25 days at high service factors. 


Higher Thermal Efficiency is attained in the Paraho 


process. This is because the significant amounts 

of carbon which are discarded on the retorted shale 
by some other processes are converted into useful 
heat and combustible low Btu gas in the Paraho direct 
heated process. In addition, the discarding of fines 


has been essentially eliminated. 


Pour Point Depressants that made Paraho crude shale 


Oil pipelineable at very low cost have been indentified 


recently by others. These will permit the refining 
problem to be transferred to other areas where its 
impact on the water, people, and investment require- 


ments will be favorable. 


A Very Manageable Retorted Shale has been produced 


by Paraho's lumps-in, lumps-out process. Paraho 
retorted Shale can be easily compacted essentially 
dry into high density, stable deposits that are 
impervious to water. Dust is not a epoca tS problem. 
These unusual characteristics permit us to reduce 


potential sources of pollution. 
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DJ) ee ecCOndany sReCOVvVeryurocential.) ~Paraho' Ss eabrlity to 


dispose of retorted shale in an environmentally accep- 
table way above ground will facilitate other uses of 
the underground cavities created in mining the oil 
Shale. An important prospect is in secondary recovery. 
by modified in-situ methods of oil shale Perec anor 


being perfected by others. 


6) Reduction in Water Requirements to no more than one- 
third of those previously reported for above ground 
processing of oil shale have been established by Paraho. 
This is very important because if water becomes the 
limiting factor Paraho could triple the ultimate rate 
of shale oil production. Unlike other retorting systems, 
very little of the remaining water requirement will be 
"locked-up" in retorted shale management. A portion of 
Paraho's water savings is due to transferring the pre- 


fining operation to other non-arid areas. 


7 eeeurnenge leseseubi4i1 zing @ Pavano Crudegsnatesoi il thave 
been conducted by the Southern California Edison 
Company for the Paraho, Rio Binneomeena White River 
Oil Shale Projects. These tests have demonstrated in 
commercial boilers that methods now esist for com- 
busting high nitrogen oils without exceeding the 
nitrogen oxide limitations in the stack gases. As 
a result, fuel oil is now a future potential alter- 


nate use for shale oil. 
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8) Reduction in Commercial “Retorting Investment and 
CperalLangm vc OStaresulcingmtrom thesuse,ofsrarahoms 


equipment are Significant. The benefits of counter- 
current flow and gravity transport, the absence of 

a separate circuit for solid heat carrying bodies, 

and the ability to burn carbon off the retorted shale, 
result in savings and efficiencies that carry through 


to the bottom line in commercial plants. 
4.5 OVERVIEW 


It is academic to argue at this time whether or not present 
retorting technology is adequate to warrant proceeding direct- 
ly into commercial development. This is because both environ- 
mental regulations and oil price control regulations prevent 
such development. As outlined above and described in Section 

3, the results of the Paraho Oil Shale Demonstration are most 
encouraging. However, during the time required to correct the 
constraining regulations important additional work needs to be 
done at the Semi-Works scale. This work has been initiated by 
the Office of Naval Research through a series of contracts with 
Paraho to produce 100,000 barrels of Paraho Beare: shale oil for 
refining by others. ERDA has publically announced its intention 
to join in planning and funding this program. Wide participation 


by industry and government is being encouraged. 


The next logical subsequent step will be the construction and op- 
eration of a full-size Paraho retort. This will reduce industry's 


and government's concern about the ability to successfully scale- 
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up proven technology. Such a full-size module would provide a 
sound base for predicting capital, operational costs, and environ- 
mental impacts of a commercial facility containing 10 to 25 SUCH 
modules. Since a single full-size module would not be a commer- 
cially attractive investment, some form of joint government/ 
industry support should be made available to help in its building 
and operation. However, conceding that government needs to take 
a long look down the road to energy independence and help in 
developing technologies toward commercialization, pine, aioe (ohewbibth ais 
this nation's best interest to encourage private industry to 

move through the profit system into the new technologies as they 
reach feasibility. With expeditious handling of the remaining 
problems by all concerned and with appropriate overlapping of 

the steps involved, it is possible that an initial commercial 


plant commitment could be made before the end of 1980. 








6. ANVIL POINTS 
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SECTION 5 
FUTURE PLANS OF PARAHO 


Paraho is a small privately owned company which appears to have 
thewanswemeror O11 shale commercialization. It 1S operating at 
Anvil Points under a lease from the federal government in the 
presence Of ERDA observers. It has been successful in accom- 
plishing its initial objectives. Continued operation of the 
Anvil Points facilities will offer important benefits. Addi- 
tional variable studies on the Paraho retorts need to be per- 
formed to improve efficiency and optimize operating conditions. 
A next generation retort could result from additional work on 
the Combination Process. Significant volumes of shale oil could 
be produced. This crude shale oil would be extremely desirable 
for large scale refining and synthetic product testing programs 
over an extended period of time. Plans toward construction of 


the Paraho module can continue. 


With these objectives in mind, Paraho anticipates following a 


development course as described below. 
5 le SHALE @OLlime RODUCTION 


Development Engineering, Inc. has entered into contract with 

the Office of Naval Research concerning the production, storage, 
and shipment of significant quantities of crude shale oil-from 
the Semi-Works retort. It is ONR's objective to accumulate a 
quantity of crude shale oil for large scale refining and product 
testing. This program continues the research with Paraho shale 
0il which began with the 10,000 barrel refinery run. To accom- 


plish the objective, an expansion of the tankage capacity 
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at. Anvil Points is planned. Continuous, long-term oil production 
will enable additional variable studies to improve efficiency and 


optimize operating conditions of the Paraho processes. 
De ee OCULN bite Grn oS haARCH 


A research program studying oil shale retorting has been planned 
uSing the Paraho retorts at the Anvil Points facility im con- 
Junction with the oil production program described above. The 


program is divided into six parts: 


1. Preparation for Semi-Works Instrumentation 

2. Pilot Plant Instrumentation 

3. Instrumentation and Data Acquisition 

4, Instrument Maintenance and Laboratory Analysis 
5. Environmental Research 

6. Retorting Research 


The first three parts, primarily preparation for research, 
includes the installation of a computerized data acquisition 
system. The final three parts constitute the actual research 
program. The environmental research includes monitoring the 
gaseous, particulate, and liquid emissions rom the retorting 
Operation, setting up a weather monitoring station and per- 
forming meteorological studies on inversions and dispersion 
patterns, and continuing the monitoring program for ground and 
surface water. The main objectives of the research program 
are the improvement of the pipeline-ability of the crude shale 
oil and the utilization of the organic carbon remaining on the 


retorted shale. Studies leading to the attainment of these 
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Obj eCctiveswinclude: "abtering “air/gas distribution, adding 
water to the bottom of the retort, changing bed height and shale 
Size, developing the Combination Process, oxygen enrichment, 


carbon dioxide recycle, and mid-retort off-gas. 
5.3 MODULE PROGRAM 


Paraho's proposal to construct and operate a full-size module 
will be forthcoming during the course of the above programs. 
The information obtained in these prior programs will allow 
engineering design of the module to be done with confidence. 
It is possible that the module design will be based on a next 


generation process such as the Combination Process. 


A preliminary draft of the Environmental Impact Statement for 
the Paraho module at Anvil Points has been issued from ERDA 
to Development Engineering, Inc. for review. Several months 


are expected before finalization of this document can be made. 


The modular program is expected to run four years from design 
through an operating demonstration. Beyond that period, while 
commercial plants are under construction and operation, the 
module could serve as a useful research Paeiiiege Continued 
process development and optimization, which is often undesirable 
in a producing commercial plant, could be performed at Anvil 


Points. 
5.4 COMMERCIALIZATION 


At the completion of a successful modular demonstration, Paraho 


will be in a position to license its technology to build com- 
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mercial plants on privately-owned or leased oil shale reserves. 
Such a plant will probably require five years to engineer and 
construct. More plant commitments will probably follow. It 

is expected that production of 500,000 barrels per day will 

be attained by the year 2000. However, as a result of Paraho's 
success in reducing the water requirements for oil shale devel- 
opment, the eventual rate of shale oi1 production will bé ‘in 


the rangeso£ S)to 6 million barrels per day. 


Beyond that point expansion will be difficult in spite of very 
adequate shale reserves in the Green River formation of Colorado, 
Utah and Wyoming. Old plants will be depleting their adjacent 
reserves, becoming worn out and obsolete, and will be shutting 
down. Restraints, such as a restricted water supply, the desire 
FOreplantwdrspersion, limited"U.S.) fabrication capacity. and 
material supplies, may make it difficult to have more than three 


plants under construction at one time. 
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SECTION 6 
LEASE OF ANVIL POINTS FACILITIES 


This section has been included to describe briefly the basic 
agreements between the government and Development Engineering, 


Inc. (DEI) concerning lease of the Anvil Points Facilities. 
6.1 BACKGROUND 


Following passage of the Synthetic Liquid Fuels Act by Congress 
in 1944, the Bureau of Mines of the Department of Interior con- 
structed the Anvil Points Facilities near Rifle, Colorado, to 

be utilized for research and experimentation in oil shale mining, 
crushing, retorting, and refining techniques. A separate act of 
October 11, 1962, authorized the Secretary of Interior to make 
agreements with companies, institutions, and organizations encour- 
aging further work on oil shale at Anvil Points. The Department 
of Interior publicly: invited proposals from interested parties. 

A proposal for research and development work and lease of the 
Anvil Points Facilities was submitted by DEI. The President of 


the United States approved the lease agreement on May 11, 1972. 
6.2 SCOPE OF PROGRAM AND LEASED PROPERTY 


The lease agreement required that at least one Paraho retort be 
constructed and operated within 3 1/2 years from execution of | 
the lease agreement. The principal intent of the research and 
development work to be performed was to demonstrate the relia- 
bility, efficiency, and operability of the Paraho processes. 


Expenditures on oil shale research and development were not to 
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be less than $75,000 annually and at least $2,500,000 total 


within five years after execution of the lease agreement. 


The £acilities leased including all easements, rights-of-way 


and water rights were as follows. 
i Slibestactivties at sthesplantearea. 


2. The entire mine system, including utility systems and 


existing buildings. 
3. The complete waterplant at the Colorado River. 
4. The complete system furnishing utilities to the project. 


5. A total of 22 motor vehicles and mobile construction and 


mine equipment units. 


6. Eighteen residential houses and associated auto garages. 
community house and fire equipment sheds. Utility connec- 
tions at nine dismantled house sites for future location 


of house trailers, if needed. 


The following limitations were made on the leased property. 
Access by Mobil Oil Company to its mine was maintained. In 
addition, the government maintained its right to construct 
access routes to the Naval oil shale reserves through the 
leased property. Approximately 30,000 tons of mined oil. shake 
stockpiled in the mine remained government property. The 
government required use of two houses in the housing area and 


office space in the Administration Building. 
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All operations and activities performed by DEI on the leased 
property are to be in compliance with all applicable laws, rules, 


and regulations of governmental bodies having jurisdictation. 
GO.) ) LERMTOR LEASE 


The lease agreement was effective five years from the date of 
approval. This term may be extended an additional five years 

at the option of DEI. This option was exercised, extending the 
term to 1982. The government may cancel the lease if the facili- 
ties are not maintained, or research and development fails to be 
conducted, or the facilities are needed for national security 


reasons. 
6.4 PATENTS AND INVENTIONS 


Under the lease agreement, DEI is required to disclose all inven- 
tions made while conducting oil shale research and development 

to the government, unless the invention is obviously unpatentable. 
Patent rights to such inventions are retained by DEI.:: If DEI 
favlscetomni eapatent application on aneinvention atter a pre- 
scribed time period, the government may file application and 
eigatiy rights to the invention. DEI eerecdara grant to the 
government full right to practice or use for governmental pur- 
poses any invention or patent resulting from research performed 
during the lease agreement without payment of royalty. DEI is 
obligated to grant licenses under its patent rights at reason- 
able royalty to any responsible applicant. Personnel of DEI 
engaged in work on the project are required to assign their 


inventions to DEI. 
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6.5 PUBLICATIONS AND DATA 


A major purpose of the work performed was to obtain information 
that may be published for industry and the public. The govern- 
ment is required to submit to DEI any proposed publications for 
review and comment. Similarly, DEI may not make any information 
public without review by the government. DEI has the right to 
supply information concerning the 0il shale research and develop- 
ment work to any licensee providing the licensee does not make 


any disclosure of such information. 


DEI is required at government request to supply data, technical 
information and reports; however, DEI is not obligated to make 
any interpretation or evaluation of the data. The government 

may use the data and reports and may authorize others to do the 
same. In addition, data which is generated as an integral part 
of the Anvil Points research work, but which may be produced at 


other locations, is subject to the same conditions. 


Certain data which DEI has developed at private expense may be 
considered as proprietary. DEI must grant a license to pro- 
prietary data to any responsible applicant. Such licenses will 
be offered at reasonable terms and conditions including restric- 


tions against disclosure. 
6.6 MAINTENANCE OF FACILITIES 


Motor vehicles and mobile equipment leased from the government 
are to be maintained at reasonable levels. Such vehicles and 
equipment are limited to use on the property in connection with 


the oil shale research and development. 
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At termination or expiration of the lease, DEI shall return the 
Anvil Points Facilities in a condition equivalent to that at the 
time of execution of the lease agreement, except for ordinary 
wear and tear and force majeure. Equipment or facilities which 
are repaired or modified by DEI during the term of the lease 
shall be returned in repaired or modified condition to the 


government. 


The government has the right to any shale oil not utilized for 
research. The government is not obligated to take any shale oil. 


DEI is not permitted to sell any shale oil. 


DEI has the right to remove any equipment which it placed on the 
facility providing there is no damage to government owned equip- 
ment. The government can require DEI to remove such equipment 


prvometoereturn) Of the; facility) to ™the government: 


DEI is to show reasonable care of all government owned equipment. 
DEI is responsible for property control and will make reports 


concerning governments property lost, damaged, or destroyed. 


DEI is allowed to use any maintenance and operating supplies in 
stock at the Anvil Point facilities providing they are replaced 


or reimbursement is made at termination of the lease. 


DEI is required to make a quarterly report to the government 
concerning operations during the preceding guarter. The follow- 


ing information must be reported. 


1. Tons of oil shale mined 


2. Tons of oil shale stockpiled 
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4. Tons of fines rejected 


5. Barrels of shale oil produced 
6.7 ENVIRONMENTAL PROTECTION 


DEI is required to comply with the following stipulations con- 


cerning environmental projection. 
6.7.1. General 


DEI must take the necessary steps to assure that operations do 
not cause significant and unnecessary damage to the environment. 
The government may prescribe those steps necessary to correct 

a condition which is causing damage to the environment. The 
area disturbed by operations must be returned as nearly as 
practicable to its original condition. Failure by DEI to comply 
with environmental requirements gives the government right to 


cancel the lease. 


6.7.2 Water and Air Quality 


The lease operations must be in compliance with all applicable 
Federal, State, and local water and air pollution laws and regu- 
lations. Discharges during the lease operation must be monitored 
to determine the effectiveness of control measures. Meetings 
between the government and DEI will be held to review the effec- 


tiveness of control measures. 


6.7.3 Disposal of: Product Gases and Oils 


All product gases and oils not obtained by the government must 
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be burned such that stack emissions meet standards. Stack 
emissions are to be monitored and records kept. Any shale oil 


spilled should be cleaned up as soon as practicle. 
6.7.4 Waste Disposal 


Water should be used to wet particulate matter in controlling 
dusts in retorted shale disposal operations. Retorted shale 
shall be disposed of in two disposal areas, totaling 25 acres. 
One area is for routine disposal, and the other for experimental 
research in ei snesall methods. Disposal areas shall be out of 
the course of normal water flows. A system of ducts and evapo- 
ration ponds shall be maintained to effectively collect water 
runoff from the disposal areas. Surface water flows above and 
below the disposal areas will be monitored for change in quality. 
Ground water quality below the disposal areas will be monitored 
by two or more wells. The retorted shale pile must be shaped 
and contoured to prevent erosion and sliding. Auto-ignition 
tendencies shall be monitored by temperature sensing elements 


placed in the pile. 


DEI shall conduct experiments in disposal techniques which shall 
include studies of stability, surface erosion, leaching, and 


vegetation of retorted shale. 
6.8 OIL SAMPLES 


DEI is to make available to any party reasonable quantities of 


shale oil or oil shale for research and development work. 
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Written agreement by the government is required for requests 
exceeding one ton of oil shale or one barrel of shale oil. The 
government has executed agreements allowing use of 100 tons of 
Oil shale or 100 barrels of shale oil for research by any quali- 


fied party. 
6.9 SUB-CONTRACT AGREEMENTS 


The lease recognizes that DEI may enter into subcontracts with 
others for conducting research and development at Anvil Points. 
Any such subcontract shall have provisions which allows DEI to 
secure rights to any invention or information resulting from 


work done. 
6.10 LIABILITY 


The government and DEI are both responsible for their own acts 


and the acts of their employees, on the leased facility. 
6.11 EQUAL OPPORTUNITY 


DEI must comply with Federal laws of equal employment opportunity. 
In the event that DEI does not comply with equal opportunity laws, 
the lease may be suspended or terminated and DEI may lose its 


eligibility for further government contracts. 
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SC LLONG / 
PROJECT STRUCTURE 


The corporate entities, contractual relationships, sources of 
funds, and flow of technical information for the Paraho project 
are described briefly below and are shown on the attached block 


diagram titled "Project Structure". 


The plan for the Paraho Oil Shale Demonstration was initiated 
as soon as fifteen acceptable participants (interested in the 
development of oil shale technology) executed or ratified two 


agreements dated April 3, 1973. 


One of these agreements, called the Management Agreement, was 
with Paraho Oil Shale Demonstration, Inc. (Demonstration), a 
cost corporation. The other agreement, called the Technology 
Agreement, was with Paraho Corporation (Paraho) and Development 


ENGINEGeLrAnGyeel NC. a DEL). 


Demonstration was the Program Manager, DEI was the Operator, and 
Paraho, a technology holding company, was the source of the 
capital funds for the program. All are wholly-owned subsidiaries 


of Paraho Development Corporation, the parent company. 


By executing or ratifying the Management and Technology agree- 
ments, the Participants joined together to approve, advise, and 
fund the program. The Participants agreed to share in providing 
the non-capital expenses of the program and to make payments to 
Paraho in return for the rights to participate in the program 


and to obtain a license to use the technology on favorable terms. 
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The maximum total contribution of a Participant was limited by 
the agreement to $500,000 exclusive of any charges for joining 
the program late. $100,000 of this amount was payable to Paraho 
Corporation 10m the right to use the Paraho technology on favor- 


able terms. 
The: £ol.owings1s a list of the Participants: 


Sohio Petroleum Company 

Southern California Edison Company 
The Cleveland-Cliffs Iron Company 
Gul eOml se Corporatbion 
Arthur G. McKee & Company 
Kerr-McGee Corporation 

Shell Development Company 

Standard Oil Company (Indiana) 
Carter Oil Company (Exxon) 

Mobil Research & Development Corp. 
Webb-Gary-Chambers-McLoraine (Group) 
Sun Oil Company 

Texaco, Inc. 

Phillips Petroleum Company 
Atlantic Richfield Company 
Marathon Oil Company 

Chevron Research Company 


7.1 MANAGEMENT AGREEMENT 


The Management Agreement provided that Demonstration was to be 
the Program Manager to conduct and manage the program on behalf 
of the Participants. The Program Manager was to obtain approval 
of a Management Committee of Participant representatives for 


Significant changes in the Program. 


A Program Director was designated. He was the Chairman of the 
Management Committee, but could not vote. He consulted with the 
technical advisors designated by the Participants. He issued 
regular progress reports, periodic budgets, and itemized monthly 


statements of costs and expenses to the Participants. 


ome 
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Members of the Management Committee and the Technical Advisors 
had access to Anvil Points under appropriate conditions to 
observe the conduct of the program. However, each Participant 
and the Program Manager was required to maintain a policy and 
procedure designed to prevent unauthorized disclosure of its 
own proprietary data and information and of the Program data 


and information. 


Any patents, patent applications, technological information or 
know-how held by a Participant which was not licensed or dis- 
closed to that Participant under the agreement remained the 
property of that Participant. Demonstration, DEI, and Paraho 
had no right or claim in such knowledge or proprietary position 


whatsoever. 
7.2 TECHNOLOGY AGREEMENT 


The Management Agreement and the Operating Agreement (to be 
described below) terminated upon the completion of the Program 
except for the confidentiality requirements which survive. The 
Technology Agreement provided that, for fifteen years after 
April 3, 1973, the Participants shall have the right to obtain 
a non-exclusive license to use, under favorable terms, the 


Paraho vertical shaft kiln technology for oil shale. 
7.3 OPERATING AGREEMENT 


Prior to any Participants' execution of the Management and 
Technology Agreements, DEI and Demonstration executed the 
Operating Agreement. The purpose of the Operating Agreement 


was to provide for DEI, as the Operator, to conduct a demon- 


ys 





‘gpm stration of the use of Paraho's vertical shaft kiln in retorting 
of gas and oil from oil shale at Anvil Points under the terms 
of the lease on the Anvil Points facilities with the United 


States of America. 


The demonstration was in accordance with the Program attached 
to the Operating Agreement. The Program was estimated to cost 
no more than $7,500,000 and to require approximately 30 months 
to complete. It was carried out under the general direction 


of the Program Manager. 


The Operator had sole charge of the facilities used in the 
Program and furnished all equipment, materials, labor, and 
services necessary. Operator also determined the number and 
selection of employees and contractors and paid all.the costs 
and expenses. As required by the Program, Paraho was charged 
by the Operator for all capital costs, originally estimated at 
S25 0080 00pm anciud: ngs 2 507,000 sof tcosts incurred prior sto 

Apri 3) el ogee hemOperator charged Demonstration, aS required 
by the Program, for all other costs and expenses of the Program, 
originally estimated at $6,000,000. The eventual cost of the 
Program, as subsequently expanded and amended, was approximately 


$10,000,000. 
7.4 LICENSE AGREEMENT 


The License Agreement with Paraho and DEI may be executed any 
time after the ratification of the Technology Agreement, at 
the ioptionvor eachabantictpant,, until April 3, °1988. I[tiprovides 


for the disclosure of all of Licensors' technical information on 
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a continuing basis for use in the United States and Canada. The 
license will authorize the Participant to make or have made (in 
a facility Licensee has helped to "finance") hydrocarbons. The 
license will be non-exclusive, non-transferable, and without 


the r,ilaghvusecossuplicense. 


The Licensee agrees to pay Paraho a royalty which is the lower 
of five cents-per-barrel or two-thirds of the royalty charged 
non-Participants which execute subsequent license agreements 


for hydrocarbons produced and sold or used outside the retort. 


When the Licensee's production of hydrocarbons under this li- 
cense exceeds a daily rate of 250,000 barrels, the royalty rate 
for the additional production shall be three-fourth (3/4) of 
the rate otherwise payable, and above 500,000 barrels-per-day, 
it shall be one-half (1/2). The obligation to pay royalties 
shall terminate on the expiration of the last to expire of the 
patents and patent applications or any additions thereto under 


which Licensee elects to be licensed. 
7.5 AMENDMENTS TO AGREEMENTS 


The following amendments were made to the various agreements 


during the course of the project. 
7.51 Amendment V1 


The original Management and Technology Agreement called for 
termination if fifteen Participants had not ratified the agree- 
ments within 60 days after April 3, 1973. Amendment I changed 


the cut-off date to August 31, 1973. All Participants in the 
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program at the time ratified Amendment I. 
7.5.2 Amendment II 


The original Management and Technology Agreements outlined a 
demonstration program that would cost $7,500,000 with a minimum 
of 15 Participants. Amendment II offered an alternate program 
that would cost no more than $4,500,000 if there were fewer 
than 15 Participants. In the event that 15 Participants became 
available, the program would expand to the original $7,500,000. 
This amendment allowed the project to proceed without delay. 
All Participants in the program at the time ratified the Amend- 


ment II. 
7.5.3 Amendment III 


The Amendment III involved both a revision to the Management 
Agreement and the Technology Agreement. Revisions to the Manage- 
ment Agreement were at the request of Carter Oil Company. Such 
revisions provided certain clarifications which did not change 


the basiceintent "ore che agreement. 


The third amendment of the Technology Agreement was prompted by 
Standard Oil of Indiana's and Carter Oil Company's desires not 
to enter into a License Agreement prior to commencement of the 
Paraho Oil Shale Demonstration. Carter and several other parti- 
Cipants also requested changes in the License Agreement. There- 
fore, it was agreed by Paraho, DEI, and all Participants, that 
the type of Licenses Agreement entered into by each can be 


negotiated during the fifteen year period beginning April 3, 1973. 
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Paraho will execute a License Agreement with any Participant 
that is identical to the type entered into with any other Par- 


UCT ail we 
7.5.4 Amendment IV 


The original Management Agreement stated that each Participant 
would contribute no more than $500,000, and the maximum cost of 
ChesprOjectawasi>7, 000,000 oinces l/s Participant sehad es roned 
the Management Agreement rather than 15, and the cost of the 
Program was increasing due to inflation, each Participant was 
willing to contribute $500,000, the maximum cost of the project 
Wass limutcequto 75500, 0.00 per Participant#or $8,500;7000 total: 


All Participants ratified Amendment IV. 
7.5.5 Amendment V 


The Amendment V expanded the Paraho program to include testing 
of the Combination mode. Maximum expenditure for Amendment V 
was limited to $500,000. The cost per Participant was $500,000 
divided by the number of Participants. A minimum of ten Parti- 
Ccipants were required for ratification of the Amendment. All 


Participants except Shell and Kerr-McGee ratified Amendment V. 
7.6 COST OVERRUN AGREEMENT 


As completion of the Paraho project approached, an overrun in 
project costs was anticipated in order to Bee out the remainder 
of the program. All 17 Participants agreed to share the overrun 
not to exceed five percent of the contributions each was pre- 


viously committed to or $30,000 whichever is less. Paraho 
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agreed to cover any additional overruns. 
7.7 REPORT AND INFORMATION DISTRIBUTION 


The results of the Paraho Oil Shale Demonstration were reported 
in the form of run reports for both the Semi-Works and Pilot 
Plant retorts, weekly progress reports, monthly management 
summaries, management and technical committee meetings, and 
special reports concerning laboratory procedures, retorted 
shale management, mining, and commercial evaluation. Some of 
these reports were considered as restricted, others which con- 
tained only raw data with no conclusions or interpretations of 
data were considered as confidential, while those with conclu- 
sions and interpretation of data were considered as PLOpEuetaay. 
All of the Participants, except three, were entitled to all 
these classifications of reports. Three Participants, Carter 
Oil Company, Marathon Oil Company, and Atlantic Richfield 
Company, elected to restrict or limit the information each 
received. Their agreements with Paraho did not allow acceptance 


of proprietary information. 


Similarly, under the Anvil Points lease agreement with the 
government, the government did not receive interpretation of 


data or proprietary information. 
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SHELL DEVELOPMENT CORPORATION 

STANDARD OIL COMPANY (INDIANA) 

THE CARTER OIL COMPANY (EXXON) 
MOBIL RESEARCH AND DEVELOPMENT CORPORATION 
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SHC LON TS 
PROJECT ORGANIZATION 


The Paraho Oil Shale Demonstration was organized as shown in 
the following Organization Chart. The objective in staffing 
the project was to divide the operation into parts, delegate 
authority properly, provide adequate high level staffing, 


and clearly establish a chain of command. 


Executive management for the project operated from an office 
in Grand Junction, Colorado. The remaining employees were 


stationed at the Anvil Points plant. 


Arrangements were made with the Cleveland-Cliffs Iron Company 
by subcontract to handle mining and maintenance at the Anvil 
Points facilities. Cleveland-Cliffs hired locally and pro- 
vided all of the non-supervisory operating personnel to work 
under Development Engineering, Inc. supervisors. Thevr Lune; 
tions are indicated by C.C.1.C. and D.E.I. designations on 


thevorganazeacion wchart. 


Involvement of the participating companies was encouraged. 
Agreements were made with various participants to supply 
technical personnel for the project. These personnel worked 
under D.E.I. supervision. Their respective parent companies 
were reimbursed for salary, fringe benefit and overhead 


expenses. ‘ 
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Also established and shown on the organization chart are the 
Executive and Operations Committee members. These committees 
were organized as a means of improved communications for the 
project operation. The Executive Committee assembled weekly, 


and the Operations Committee met daily. 


The biographical sketches of key personnel in the Paraho vro- 
ject follow. These summarize the educational background and 

professional/technical employment experience of the key per- 

sonnel. The attainment and accomplishments of the Paraho Oil 
Shale Demonstration were achieved by the contributions of 


these individuals" expertise to a team effort. 











CONTROLLER 
J.B. Chatham 
(Sohio Petroleum Co.) 


PLANT MANAGER 
E. M. Piper” 
(DEl) 





ASST. PLANT MANAGER 
E.L. Mast 
(DEl) 


RETORTED SHALE 
MANAGEMENT 
Phil Trumbo 
(DEl) 


Harold Raymond 
(CCIC) 


MINING 
Al Bailey 
(CCIC) 





MINING & MAINT. 
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ORGANIZATION CHART 


Paraho Oil Shale Demonstration 


PARTICIPANTS 


DIRECTOR 
H. Pforzheimer 


(Sohio Petroleum Co.) 


PRESIDENT 
J.B. Jones, Jr. 
(DE}1) 


GENERAL COUNSEL 
James E. Bye 
Holme, Roberts & Owen 


COMMUNITY AND 
GOVERNMENTAL AFFAIRS 
J. J. Gigoux 
(DE1) 


ADVISOR 
(eV Erck 
(DEI) 





OPERATIONS AND COMMERCIAL 
EVALUATION MANAGER 
S. K. Kunchal* 
(Sohio Petroleum Co.) 


LABORATORY 
R.N. Heistand* 
(Sun Oil Co.) 


SOLID HANDLING & 
OFFSITES 
E. Everett Baldwin 
(DE1) 


ELECTRICAL & 

INSTRUMENTS 

D. Lowdermilk 
(DE!) 


RETORTS 
Edward Cooley 
(DEI) 


TECH SERVICE 
J.M.McKee* 
(Texaco Inc.) 


MAINTENANCE 
Roger Johnson 
(CCIC) 


EXECUTIVE 
COMMITTEE 


“Operations Committee 
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RESEARCH & PATENTS 
A.A. Reeves* (DE]) 
Counsel: R.D. Law 


AUDIT 
Price Waterhouse 


OFFICE SERVICES 
Shirley Mann 
Shirley McGuiness 
(DE1) 


ENGINEERING MANAGER 
H. A. Harris* 
(DE) 


DATA PROCESSING 
M.A. Dover 
(DEI) 





PLANT ADMINISTRATIVE FUNCTIONS: (DEI) 


Purchasing: Dave Hogge 
Mechanical Design: William Israel 
Warehouse: Doug Olds 

Office Manager: Sandra Lay 
Receptionist: Carolyn Larson 
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Harry Pforzheimer was Program Director for the Paraho Oil Shale 





, Demonstration and Chairman of its management committee. He was 
on loan from Sohio Petroleum Company of which he is Vice Pres- 
ident and Manager Oil Shale and Tar Sands. He was born in 


Manila, Philippine Islands and received his B.S. in Chemical 
Engineering from Purdue University in 1938 before being employed 
in the Technical Service Division of The Standard 0il Company 
(Ohio) in Cleveland. He participated in the installation of 
SONLONSP ELrEStacatalytic polymerization and alkylation plants and 
coordinated their conversion to war production footing before 
accepting appointment as a Technical Specialist in the Petroleum 
Administration for War in the Department of the Interior. In 
Washington he headed the program to convert polymerization plants 
throughout the U. S. petroleum industry to cumene and codimer 
production for use in the aviation gasoline program. After 
completing the conversion of 71 plants to codimer production and 
13 to cumene production, he conducted the subsequent price nego- 
tiations to cover the refiners' war-time production costs. 


Returning to Cleveland in 1945, Pforzheimer was assigned to 
organize Sohio's first Economics Section in the Manufacturing 
Department. This led to a transfer to the Finance Department to 
Organize a Capital Research function on a company wide basis. 
In this capacity he invented the Sohio Index method of economic 
evaluation, set up the first program of short-term investments 
in the Treasurer's Department, and conducted the first Economic 
Evaluation Seminars within Sohio. He transferred to Long Range 
Corporate Planning when this Department was organized in 1961. 
Sohio's involvement in oil shale was one of the many new and 
diversified activities coming out of this Long Range Corporate 
Planning effort. 


In 1963, he transferred to Natural Resources as Planning Coor- 
dcinageor.. tne this position he coerdinated the formation of Colony 
Development, Sohio's oil shale property acquisitions, and dis- 
position of Sohio's oil and gas interests in Venezuela and 

Canada (CanDel). After the shut-down by Sohio and Cleveland- 
Cliffs of the first Colony Development campaign which was intended 
to develop the Tosco process, he was Sohio's management repvre- 
sentative over the two companys' world-wide survey of all the 
technology available for oil shale retorting. It was this survey 
that identified the new Paraho process and hardware as most 
promising. He represented Sohio in the 1968-1969 negotiations 

to sell Atlantic Richfield an interest in the oil shale venture 
and the planning for the second Colony Development campaign to 
test the Tosco process with Arco as Operator. These plans 
included funds to permit testing a second process, such as 
Paraho's, but this could not be carried out because expenditure 
on the Tosco process consumed the total authorization. In 
September, 177, Sohio andy Clirfs, stopped ‘funding this Colony 
Development program. 


Pforzheimer assisted in the 1968 acquisition of Old Ben Coal 
and, as sohilors Coordinator for Coal, developed the first coal 
production payment to finance Old Ben's expansion. He became 
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Manager of Oil Shale and Tar Sand in 1969 and was elected Vice 
President-Sohio Petroleum in 1970. In 1971 he entered into 
agreements for Sohio Petroleum to help Development Engineering, 
Inc.'s efforts to negotiate a lease on the Anvil Points facili- 
ties. The lease was approved in May, 1972, making possible the 
ergani zation and funding of the Paraho Oil Shale’ Project under 
Sohio's leadership. He was subsequently appointed Program Direc- 
tor, Paraho Oil Shale Demonstration. 


He is also responsible for the organization of the White River 
Shale Project, with Sun and Phillips, for the joint development 
of the Ua and Ub federal oil shale leases in Utah. He represents 
Sohio on the Management Committee. 


Since the 1974 partitioning of Colony Development, he has been 
Chavrmansoretienmcesulting Sonve-Clitts Venture, 


He is a Member of the American Institute of Chemical Engineers, 
past Chairman of its Cleveland Section and General Chairman of 
its International Meeting in Cleveland. He serves on the Board 
Clim Directors om tienUs Ss.) Bankvot Grand Wunction and) of the 
Colorado School of Mines Research Institute. He is a member of 
the Executive Committee for Oil Shale of the Rocky Mountain Oil 
and Gas Association and Chairman of its Taxation Subcommittee. 
He was the initial President of the White River Shale Oil Corp- 
Oration and currently serves as a Vice President and Director. 
He is a director of Paraho Development Corporation.and its 
subsidiaries. 
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John B. Jones, Jr. is President of Paraho Development Cor- 
poration and its operating subsidiary Development Engineering, 
Ince) ebOrmein Forney, texas, he received» a B.S:" in 
Chemical Engineering from Oklahoma A & M College before join- 
ing the U. S. Bureau of Mines Experiment Station, Bartlesville, 
Oklahoma in 1942. He served in the U. S. Navy as an Engineer- 
ing Orfiicersauring, World War 1, then, returned  tosthe Bureau 
of Mines, this time at the Oil Shale Experiment Station near 
Rifle, Colorado. From 1946 until 1955, he worked on the design, 
construction and operation of oil shale crushing and retorting 
equipment of increasing size and was co-inventor of the Bureau 
of MineseGas Combustion retorting process (U. S- Patent No- 
2,757,126 assigned to the U. S. Government). 


In 1955, Mr. Jones was co-founder of Cameron and Jones, Incor- 
porated, an engineering firm in Denver, Colorado. As Vice 
President-Engineering and Development, he studied and engineered 
al2500mton per day prototype retort project for Brazilian Ivati 
Oulleshale ss During this period hneswas) cO-inventor Of a idzs-— 
charge mechanism for large diameter vertical kilns and in- 
VeEntOLwOnsOcner CQulpment LtemsstU..so. Patent Nos. 3,027,147; 

BP OGleeo aes 07 le 30" -and 93,178,063, all™assignedsto Camenon 
andewones;, sinc. )). 


Leaving Cameron and Jones firm in 1965 he became a technical 
consultant to Brazilian private interests and performed tech- 
nical service in oil shale and limestone calcining before form- 
ing his own engineering firm, Development Engineering, Inc. 
(Dit ye ernwes. COlOrado, in wdanlany, 1966.5 Mu. Jones super- 
Visedsengineering, Construction, and process development, obpera-— 
tions for three commercial lime kilns incorporating new in- 
ventions of his own. 


He subsequently organized Paraho Corporation as a technology 
holding company and in March, 19/1, reorganized DEI and 

Paraho Corporation under Paraho Development Corporation. In- 
Ventlonsmauging tnis period included radial and Tinear qrates;, 
fluiidedistribucors, fluid collectors, hydrators and) calcining 
and) retortingwpsecesses (U. S. Patent Nos. 3,373,982; 3,401,922; 
BAR ee a ome emieenoit8 3.5/3, 002s 3 589, 611 7a, (45), 6977 Land 

By 3b 724/ alleageraned to DEL or Paraho Corporation): 


DEI, under Jones' direction, leased the Anvil Points Oil Shale 
Experiment Facility from the Bureau of Mines. The lease was 
approved by the President of the United States on May ll, 1972. 
This made possible the organization and funding of the Paraho 
Oil Shale Project under the leadership of Sohio Petroleum and a 
nucleus of interested energy comvanies. A cost company, Paraho 
Oil Shale Demonstration, Inc. was formed with Jones as Presi- 
dent £0 carry @ut the project and DEIwas engaged as-the 
Operator. 
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John Jones is a Registered Professional Engineer - State of 
Colorado, a member of the American Institute of Chemical 
Engineers. He received a Meritorious Service Award from the 
SeCretaLly GrelnLerioreineloS3mtorethis workeat the first Anvil 
Points Oil Shale Demonstration. 
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J. B. Chatham was Controller for the Paraho Oil Shale Demon- 
stration on loan from Sohio Petroleum Company. He was res- 
ponsible for all aspects of the accounting, billing, treasury, 
budgeting and auditing functions of the Paraho project. 


After receiving his B.S. Degree in Accounting from Oklahoma 
State University in 1939, he went to work for the Dolese 
Brothers Concrete Company in Oklahoma City. During World 

War II, Chatham was a Purser/Pharmacist's Mate for the 

American Trading and Production Corporation with an Ensign's 
commission from the U. S. Maritime Service. Chatham then 
worked for C. C. Wilson, advancing to Manager of the Public 
Accounting Office. In 1949, Chatham joined the Sohio Petroleum 
Company's Oklahoma City Accounting Office. He has held many 
accountina positions for Sohio such as Depreciation and De- 
pletion Accountant, Special Projects and Procedures Analyst, 
Peer Regulatory sAccountant and Gas ‘Cost.-Accountant. "sin 
1973, Chatham was assigned to the Paraho Oil Shale Project 

as Chief Accountant and progressed to position of Controller 

of the project. He is Assistant Secretary of the Sohio 
Petroleum Company. Chatham is a charter member of the Account- 
ing Club of Oklahoma Baptist University. 
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Louis J. Erck was Technical Advisor to Harry Pforzheimer and 
John B. Jones. He was born in Minneapolis, Minnesota, and 
attended the University of Minnesota School of Mines, where he 
obtained a B. S. in Metallurgical Engineering. From 1935 to 
1948 he worked with the Butler Brothers Mining Company as a 
metallurgist in research and plant development. In 1948 he 
joined The Cleveland-Cliffs Iron Company as Chief Metallurgist 
and Director of Research Planning. He was responsible for 
research and development diversification efforts including 
work on copper, uranium and oil shale. During the 1965-1972 
period he was assigned full time to oil shale and served on 
the Sohio-Cliffs technical committee that surveyed the world- 
wide technology available for oil shale retorting. After he 
Pet Pedi) 37 eMC. ErCcke joined DED an Janwary, 19/4. 2A 
DEI, in.addition to his role as an advisor, he assists in the 
preparation of management and technical reports, patent co- 
ordination and fiscal and contract administration. During his 
long career, Erck has presented many technical papers and 
obtained numerous patents in the fields of heavy media separa- 
tion, grinding, flotation and pelletizing. He is a member of 
the American Institute of Mining, Metallurgical and Petroleum 
Engineers. 
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J. J. Gigoux was Paraho's Manager of Community and Govern- 

mental Affairs. His main responsibilities were to maintain 
a high acceptance of the Paraho project with the community 

including the media and good relations with county, state, 

and federal government officials. 


GigcusmnaswOOti B..o. ondsM. co. .Degqrees,in Agricultural) kco- 
nomics from Oklahoma State University. His education was in- 
terrupted by. two years. of military service. in the U: S. Army. 
From 1957 to 1959 he was a Research Instructor with the Univer- 
sity of Arkansas. While on the faculty he concurrently worked 
toward a PhD degree but left to accept a position as Associate 
Economist for the California Department of Water Resources, San 
Francisco Bay Area Branch. His main responsibility was de- 
partmental liaison with local and federal agencies involved 
with water resource development. In 1962, Gigoux accepted a 
DOS EtonewEetieUniconsult sincewwas, broject. Hconomist, Lor the 
United Nation's Food and Agricultural Organization to make a 
socio-economic evaluation of reclamation projects in Korea and 
Gahana, Africa. From 1966 to 1969, Gigoux was the Executive 
Director of the Southern Oklahoma Development Association. 
Here Gigoux formulated an overall economic development program 
for a ten county area in southern Oklahoma. In 1969, he be- 
came the Executive Director of the Southern Colorado Economic 
Development District charged with formulating projects and 
securing funding for development of a 19 county area in South- 
eastern Colorado. Gigoux worked there until 1973 when he ac- 
cepted a position as Executive Director of Club 20 in Grand 
Junction, Colorado responsible for promotion and development 
programs for the 21 Colorado Counties west of the Continental 
Divide. He joined Development Engineering in 1974. 
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Harry A. Harris was Development Engineering, Inc.'s (DEI's) 
Engineering Manager for the Paraho Oil Shale Demonstration at 
Anvil Points Experiment Station. He was responsible for data 
processing support required for retort operations and 
reporting. 


A native of the area, he was born in Rifle, Colorado and edu- 


cated in local schools. He received a B. S. in Chemical En- 
gineering from the University of Denver in 1949 before join- 
ing the Bureau of Mines at Anvil Points. He svent two years 


as a Chemical Engineer in the shale-oil demonstration refinery, 
responsible for the shift suvervision of refinery experimental 
runs and compiling of data. He spent another two years as 
Operations Engineer on the Combustion Demonstration Retort 
Plant, then two more years as Operations Supervisor on the 
Crushing Plant, Pilot Plant and Demonstration Retorting Faci- 
lities for the Bureau of Mines. In 1955, Harris joined the 
Ideal Cement Company. He was employed there for 18 years, 
much of it as Production Supervisor. During this time he 
designed new instrument control systems for kiln and grinding 
mill operations and developed rapid analytical technioues, 


using atomic absorption and microscopy. He also invented a 
MeenodmromecontrolLling flow an ,asvectical shaft kaln s(Ul<«sS. 
Patent No. 3,393,905 assigned to Ideal Cement Company). In 


October, 19737, he Joined DEI as Field Coordinator at Anvil 
Points. 


Harris is a registered Professional Engineer in the State of 
Colorado and is a member of the American Institute of Chemical 
Engineers, Professional Engineers Society of Colorado and the 
American Mining Congress. 
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Robert N. Heistand was Senior Chemist of the Paraho Oil Shale 
Demonstration on loan from the Sun Oil Company. He was respon- 
sible for refurbishing, equipping, organizing and staffing the 
Anvil Points Laboratory and was in direct charge of it. In 
addition, he participated in the development of sampling methods 
and acted as an advisor to the project's technical management. 


Heistand received a B. S. degree in Chemistry from Franklin and 
Marshall College in 1957 and an M. S. in Chemistry from Niagara 
University in 1961. 


From 1957 until 1962 Heistand worked for Union Carbide doing 
analysis of ferro-alloy products. He also suvervised the 
quality control lab for ethylene-base chemicals. In 1962 
Heistand began working for Atlantic Refining doing research 
petroleum chemistry in organic functional group analysis and 
column chromatography. In 1965 Heistand joined Sun Oil Company 
where he worked with research petroleum chemistry in automated 
analyses, electro-analyses, and emission spectroscopy. Heistand 
came to Paraho Oil Shale Demonstration, Inc., in his capacity 

as Senior Chemist, on loan from Sun/Oil, in 1974- 


Heistand is a Certified Professional Chemist, a member of the 

American Chemical Society, the American Institute of Chemists, 
the Society for Applied Spectroscopy, API Analytical Committee 
and A.S.I.M. He has published many technical papers regarding 
chemical determinations and automated procedures. 
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S. Kumar Kunchal was Manager of Operations and Commercial 
Evaluation for the Paraho Oil Shale Demonstration, Inc. on 
loan from Sohio Petroleum Company. He was responsible for 
Retort Operations, conducting the Commercial Evaluation 
function and coordinating the activities of the Commercial 
Engineering Evaluation and Design Team. 


Kunchal was born in India and attended Agra University where 
hesreceaved' a BS S. Degree in Chemistry in 1957. >From £957 
COmLoso 7 kunchaleattended stenewindian institute of "Science 
where he earned a B. S. Degree in Chemical Engineering. [In 
1961, he received a Master's Degree in Chemical Engineering 
from McGill University in Canada. He was employed by the 
Atlas Steel Company where he served as a Research and Develop- 
menteaEngineer wuntil 7196329 In 2963) Kunchal went to work for 
Cyanamid of Canada as a Plant Process Engineer until he joined 
SOnUOmI NMI OOsmto Ince. 1966, Kunehalenas cervedein various 
engineering capacities such as Project manager of Coal Gasifi- 
cation and Liquification for Old Ben Coal, (a wholly owned 
Sohio Subsidiary) and Project Engineer for the design and 
construction of the Lima, Ohio, ammonia plant. In September 
OLeTo7 4,7 ekunchalecame to DEI ton=loan from Sohic. "Hirstoverall 
responsibility was to plan and execute retort operations and 
develop a commercial feasibility study for a shale oil venture 
based on the Paraho process. As the coordinator for the Comm- 
ercial Engineering Evaluation and Design Team, composed of repre- 
sentatives from DEI, Sohio, Cleveland-Cliffs and Arthur G. 
McKee Company, he has engineering responsibilities in connec- 
tion with the design of the proposed Paraho Acceleration Program 
consisting of one full-size retort. 


Kunchal has presented many technical papers throughout the 
world; he holds several patents, and is a member of the Assoc- 
iation of Professional Engineers of the Province of Ontario 
and the American Institute of Chemical Engineers. 
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Farl L. Mast was Assistant Plant Manager for the Paraho Oil 
Shale Demonstration. His responsibilites included all as- 
pects of the mechanical and maintenance activi tiesyof ithe 
pant. 


Mast holds a B. A. Degree from Wittenberg University and a 
B. S. Degree in Civil Engineering from Case IMSELrtute tok 
Technology. After graduating from Case in 1939, Mast was 
employed by the Cleveland Metropolitan Housing Authority as 
assistant to the Chief Planner. In 1941, he joined E. B. 
Badger and Son's Co. and worked on the design and construc-— 
tion of the Plum Brook Ordinance Works in Sandusky, Ohio. 
In 1943, Mast joined the Standard Oil Company (Ohio), as 
refinery engineer. During his time with Sohio, he worked 
in General Engineering as Chief Project Engineer in Opera- 
tions Staff as Facilities Supervisor. In 1965, Mast was 
assigned to the Colony Oil Shale Development project as 
Senior Engineer in their Denver and Parachute Creek Ba cunini 
ties. 


Mast joined Development Engineering, Inc. in 1969 as Con- 
struction Engineer and Operation Manager of the Round Rock 
Lime Company in Texas. During this time, two vertical 
limestone calcining kilns which are very similar to the 
Paraho Semi-Works oil shale retort were constructed and 
operated. Subsequently, Mast transferred to Development 
Engineering as Assistant Plant Manager at the Anvil Points 
facility. 


Mast is a registered Professional Engineer and is presently 
a member of the American Society of Civil Engineers. 


























~_ —~ ° == dea a Te oll 
To- pd, o> tog], State saere 


oN ls 600i 2S Cat eg eee calane 


——. ° Y.-F oe ores Hee eee Sion sae As 
7 ie q rb: co 
: 
Se Tecignys fa mee sere aA, 
TT s3!, pel yee eee Teer ni : seen 
inks FET, 086 S een Gets. vec | 
ti) ¢qe3 tet BApieehi a) - ed: ee 
grGe mM Pel a: 5  teGrbhy RA? a? on. shee 
ao. Ponte Ge gate oe oben. “praee -— 
b 1 Seri Ao Mate meMtale e Sorter: hey Sa 
sorie 7 gn ep Pee) Squan.:, eed 1 eee 
2 vi. OF CSR s¥oer.3'"" eka) 47 
oPohrEabl? @@ pap aeterane: basen se? Qa 
Eras “7 wal ee ES an TABNR Bp ae) & p 
o > OD Ra. wt Hoey 
wn sitet Ss " Min Sesliaest + hate 


“ee 






si ee ri | oi Lacihies@, Toleenemanie: (gi ini 
: od : Ee Be “2a Pige 





Farah 


Joe M. McKee was Technical Service Process Engineer for the 
Paraho Oil Shale Demonstration Project. His responsibilities 
included retort operations, process development and commercial 
evaluation of the Paraho retorting process. 


McKee holds a B. S. Degree in Engineering from Arizona State 
University, Tempe, Arizona. He majored in Chemical Engineering 
and was graduated Summa Cum Laude. Before graduating in 1972 
from Arizona State, McKee was involved in several research 
projects. He conducted computer regression analysis of scien- 
tific data for the National Science Foundation and assisted 

the Arizona State University staff in laboratory scale polymer 
research and mathematical modeling. 


McKee joined Texaco's Central Engineering Department as a 
process designer for the Process Development Group in 1972. 

He has been involved in design and development of several 
refinery and chemical process units including plant start-ups. 


In July of 1975, McKee joined Development Engineering, Inc. 
on loan from Texaco and worked at the Paraho Oil Shale facility 
as a process engineer. 
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Edwin M. Piper was Plant Manager for Development Engineering, 
Inc. (DEI) as Operator of the Paraho Oil Shale Demonstration 
at Anvil Points near Rifle, Colorado. He was resvonsible 
for administration, mining, plant security, environmental 
protection, housing and public relations at the plant. 


He received his B. S. in Chemical Engineering at Clarkson 
College of Technology in 1951 and joined the Foster Wheeler 


Corporation. As a Project Engineer, he engaged in process 
design of light hydrocarbon recovery units for refineries and 
worked on ‘studies for an oil shale pilot plant in Brazil. ~ In 


1955 he joined Petroleo Brasileiro in Rio de Janeiro, Brazil. 
There he held the position of Plant Manager, responsible for 
the development of an oil shale extraction process in a pilot 
plant operation. In 1957 he joined Cameron and Jones in 
Denver and served 13 years as the Manager of Special Projects 
Division. He was engaged in consulting work in oil shale 
projects and the promotion and development of vertical kiln 
technology for cement, lime, gypsum, and other minerals. He 
also served as Project Manager for a multi-million dollar 
PLGLOLYpesOmle shale project in sBrazil. “From 19/07>to L972, ne 
worked for Barnes Engineering Company as Vice President of 
Sales and Project Manager in a firm engaged in evaluation, 
design, engineering and construction of process facilities for 
the mining, chemical, and petroleum industries. From 1972 

to 1973 Piper was with Stearns-Roger Inc. in Denver as Project 
Manager in the Petroleum and Petrochemical Division in a coal 
gasification project. In September of 1973 he joined DEI as 
Project Coordinator in Denver. 


His’ techniealipapers include, {Oil Shale in’ Brazil", “Demon- 
Strarloneritanc tor Retorting In-Situ) O61) Shale”, and “Gas 
From Coal". He also invented a Vertical Shaft Kiln Feed from 


Precipitated Calcium Carbonate. (Canadian Patent No. 905681, 
assigned to the Sugar Beet Development Foundation. ) 


Piper is a Registered Professional Engineer in Colorado, and 
a member of the Institute of Mining Engineers, and the Rocky 
Mountain Natural Gas Men's Association. 







<4 = b <= 
ad ‘ 
{ ¢ 
' D ; 
of 
is = 
rs _ a - ; 
= 7 at : : 7 
. : : y 3 : 
+e A i es re Saw! ih Od 
a. Pa ¥ 
ae “~ a 5 
ToA*isncveT Jo ey 
7, < » 24 
' cr 4 peel 2 TA +e - Orwes 
: +s ; i 
Sis tae Tir i Oy { 2&1 ¥} 
yak 
: TG bd a> - ei ry 
ee Pa ’ = ya 
i “ws 5 “ye 4 oy 4 are ve 2 CF: 
a . y i’ . 
fiweq 2d%fils.! ae 
el 449 8G Fo Popa bavak 
i: ma 3 
2 t > 7s a i ; Yuk SS > Ma 
* 1 . 
fta 1 if a: a ’ f 
‘ 3 S¢e |‘ aaex tp « 
7 
Hay So) =e | 
« 
Fi F ‘ 
rt a a ee EAS ot Ko 
' a wet ine 2 ey 
i i 35, ee 
~ , rd - x 
: E é 3 ee Pi ax y Ve >» 
- ; ; . A . ed a 
wd nd 4 . 4 ; ci Thy rs Bed ; wae 1 
“ q J j ys 
-t = e 4 “he Pad 
t coh . ’ % “it et a PGS 
' - 4 
oar ore OR heey 
t a z ~ iad a & 1 ¢ By. r J ++; 
fe ~ j is: ‘ <a F £ i; Sil sp: aa 
? Bi t hy sed “ 
¢ fy ae a! é _ ra Vek hes 5 
’ r q 
y é fm ’ war) 3 
> # : v a 2: 
i as : ; sea ot ws Se 
ai) 4) i «> : te 
i) ba GA. - Tees 
7 ay 
i Avy O% ' 
ym She bid Cnt ae * 
- AS t i we 2 xt 
ay : 
7* : i 2 t. ; fae (i he 7 oar Oe > Pf ye S ‘ > a *o he . 
: : i “s 3 
oD yp ie aR “iG "x; ee 
2s —— The a a , : 
tee y ay ae Spe pape re, Pag ae 
/ Z : ae 


io re / 


@ 


a 


Erahhh 


Harold D. Raymond is employed by The Cleveland-Cliffs Iron 
Company (CCIC) as a Mining Engineer. He served as Project 
Superintendent for the Paraho Oil Shale Demonstration report- 
Ingmcomtiesrlant Manageria ) In sehis,posution Mr. Raymond was 
responsible for the conduct of all mining and maintenance 
activities performed by CCIC for DEI. 


Raymond attended the Michigan College of Mining and Technology 
where he received a degree in Mining Engineering in 1950. From 
1950 to 1966 he worked in several engineering capacities on the 
planning and construction of the White Pine Copper facility. 
During this time he was a Unit Foreman and for four years 
served as Division Production Superintendent. In 1966 Raymond 
joined the Cleveland-Cliffs Company where he worked for two 
years in the Michigan operation, progressing from Operating 
Engineer to General Pit Foreman at the Republic Mine. He was 
transferred to Cliff's Western Division on two occasions, 
initially as a superintendent at Summitville and later as 
Project Superintendent for the Paraho Oil Shale Demonstration. 
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Adam A. Reeves was Vice President-Research, of Paraho Develop- 
ment Corporation and its operating subsidiary, Development 
Engineering, Inc. (DEI). He planned and supervised the reduc- 


tion and computerized analytical evaluation of data generated 
from the operation of the Paraho retorts. 





Although born: in Cincinnati, Ohio, he attended South Denver 
High School and received his B. S. in Chemistry from the 
University of Denver before obtaining his B. S. in Chemical 
Engineering from the University of Oklahoma in 1944. After 
completing military service in the U. S. Army, he was employed 
at the Bureau of Mines Oil Shale Experiment Station at Anvil 
Points as Chemical Engineer and remained there until the sta- 
E1on waseclosed in L055. > He is, co-inventor Gf the U.S.B.M. 
Gas Combustion Retorting Process (U. S. Patent No. 2,757,126 
assigned to the U. S. Government). Reeves joined DEI in 1966, 
following eleven years of experience with Texaco as Process 
Engineer where he became proficient in the formulation of 
refinery simulation computer programs. From 1968 to 1971 he 
was Process Engineer for DEI's Round Rock Lime project in 
Blum, Texas. He iS co-inventor of the Paraho internal combus- 
tion retorting process (U. S..Patent No. 3,736,247 assigned 

to Paraho). 


He is a Registered Professional Engineer, and a member of 
the American Chemical Society and the American Institute of 
Chemical Engineers. His technical papers include, "DEI 
Vertical Shaft Kiln" presented at the conference on Natural 


Gas Research for the American Gas Association, Inc. and the 
Institute of Gas Technology in Chicago. 
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9. FINANCE AND 
ACCOUNTING 
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SECTION 9 


FINANCE AND ACCOUNTING SYSTEM 


The purpose of this section is to provide a description and 

analysis of the mechanics involved in financing the project and 
accounting for funds received from the participants during the 
Paraho Oil Shale Demonstration. The basic system and chart of 
accounts was provided by Sohio based on its past experience in 
oil shale. The system follows the format presented to prosvec- 


tive participants when the Project was being organized in 1973. 


The operations of the Project were divided between three wholly 
owned subsidiaries of the parent company, Paraho Development Cor- 


poration. Responsibilities were established as follows: 


Development Engineering; Inc. (D.E.1.)) — The operating 
company, responsible for construction and operations during 


the Project. 


Paraho Corporation - The licensing company, responsible for 


all fixed assets of the Project. 


Paraho Oil Shale Demonstration, Inc. (Demonstration) - The 
cost company, responsible for all transactions with and 


POmsene slierparlLicipants. 


Two major sub-contractors were used during the Project. Respon- 


Sibilities were as follows: 


Arthur G. McKee and Company - Responsible for certain en- 


gineering and construction, and final report preparation. 
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iiescleveland-=Cii cis iron Company, — Responsible for mining, 


maintenance, and providing a manpower pool. 
This presentation is divided into categories as follows: 


See eCOUrce Ot Funds 

9.2 = Disposition of Funds 
foe Giant OL ACCOUNES 
9.4 - Accounting Ledgers 
Yoo. - Accounting Procedure 


9.6 - Final Statements and Audit 
Oo ae OURCH .OR~ FUNDS 
9.1.1 Advance Requests 


When the Project was organized, a proposed monthly expenditure 
schedule was presented for the $7.5 million project. It became 
a part of the agreement package. Monthly Advance Requests for 
the amounts specified in the original exvenditure schedule were 
mailed to each of the participants. The Advance Reouest form 
included provision for payment of the advance within 14 days. 
Farly in the Project, the funds received exceeded expenditures 
to the point that Advance Requests were delayed for some months 
and short-term investments were made. These investments earned 
interest for the Project. In later months, however, the situ- 
ation was reversed. Double billings had to be rendered request- 


ing two months of advances to cover expenditures in one month. 


Later in the Project, it became apparent that the schedule $7.5 


million was not sufficient to completely prove the success of the 


bees 
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Paraho Process in the Direct and Indirect Heated Modes of opera- 
CLON elle ppaLlicipants were Soke requested, under the Fourth 
Amendment to the Management Agreement, to increase their contri- 
buctonecrom | 7ly Of S/.5 million to the originally anticipated 


SOvsemiadsron perepatrtLicipant. “All seventeen participants agreed 


raising the total funds available to $8.5 million. 


In the transition from the Direct to the Indirect Heated Mode, 
the potential advantages of a Combination Heated Mode became 
apparent. As a result, the Fifth Amendment to the Management 
Agreement was proposed. By contributing an additional $0.5 
Mimisonmcosbring the total project to S9° million, 1t was estima- 


ted that the Combination Heated Mode of operation could be tried. 


Fifteen participating companies ratified the Fifth Amendment. 


Shell and Kerr-McGee did not ratify this amendment. 


At this point, a revised expenditure schedule for the $9 million 
project was adopted. Subsequent Advance Requests followed this 


revised schedule. 


Near the conclusion of the program, a series of unforseen finan- 
cial requirements occurred. Financial set-backs such as major 
auxiliary equipment failures, heavy property tax assessments, 
delayed sub-contractors invoices, etc. indicated that an overrun 
would be inevitable. This problem was solved when all 17 par- 
ticipants agreed to fund an overrun of up to 53 of their previous 


commitments. 


Ershil— 


OFitge sbatesCharges From Participants 


Fourteen companies joined the Project as participants before the 
date set for late charges to become effective. Late charges 
totaling $76,909 were paid by the three remaining companies. In 
accordance with the provisions of the Management Agreement, this 
money was distributed to the initial participants. Of this 
amount $12,428 was contributed by the initial participants to 
Paraho Development Company for use in promoting oil shale devel- 


opment in local and national publications. 
9.1.3 Prepayment By Participants of Original Commitment 


In December 1973, the Program Director proposed that an optional 
Prepayment Plan be presented to the participants. The plan pro- 
vided a 7% discount for prepayment computed on the basis of the 
Proposed Monthly Expenditure Schedule. It provided that the 
option must be exercised prior to January 1, 1974. One parti- 
Cipating company, Mobil, seeeod to prepay. Mobil's prepayment 
was invested at attractive interest rates to cover the 7% dis- 
count. The funds were later loaned to D.E.I. for the purpose 


of purchasing mining equipment. 


U7 l, aeeeeeayments By NOn-Participants 


During the demonstration period, agreements with Governmental 
agencies provided additional funds. Special billings were also 
made to many of the participants who requested that "Special 


Samples of Service" be provided for which they were willing to 


pay- 
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S25) “Interest 





As noted above, short-term investments were made from excess 
funds to provide interest income for the Project. A special 
Savings account was set-up to provide funds for severance 

payments at the close of the Project. This fund also earned 


interest for the Project. 
Veo Loe OST) TON] OF? FUNDS 
9.2.1 Purchase Orders 


To insure executive surveilance and proper authority in the dis- 
position of funds, a purchase order system was installed. Pur- 
chase orders were issued on any material or service requisition 
of $25.00 or more and required the approval of one of the 
following: 

Program Director 

D.B.1. President 

Plant Manager 
Purchase orders were issued in sets of original and 6 copies. 
Distribution was as follows: 

Original —PeLrOotoupplier 


First Copy - To Supplier as Acknowledgement 


Second Copy To Accounting 


Third Copy - To Warehouse as Receiving Report 
Fourth Copy - To Warehouse for Filing 
Fifth Copy - Office, Numerical File 


Sixth Copy Office, Alphabetical File 
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Before an invoice was approved for payment, items and vrices 
(if quoted) were verified against warehouse Receiving Report 


CODY, O0..0. 
9.2.2 Sub-Contractors 


Copies of sub-contractor's purchase orders and requisitions were 
Availabe, CO D.E.el., Personnel and invoices to D.EB.1. were checked 
against these P.O.'s and requisitions. Purchases by a sub- 
contractor of $3000.00 or more had to be approved by either the 


Progreuiebicectorect Presiden lor) hal. 


Forwaudit) purposes, sub-contractors were required to either 
support all charges by copies of invoices and manpower related 
payments or by having them available to D.E.I. locally. Before 
approving sub-contractor's invoices for payment, the Plant 
Manager verified all major charges against purchase orders and 


receiving reports of the sub-contractor. 
Oe -GeenVvOLCes 


After vendors and sub-contractor's invoices had been properly 
verified for approval, they were stamped "Approved for Payment". 
Appropriate approval and charge destination were shown. The 
charge designation showed the proper cost center and feature to 
be charged. Approved invoices were then sent to Accounting for 
payment. Work on payment of invoices in Accounting was handled 


in such a manner as to provide an auditible accounting procedure. 


o The Office Manager checked invoices for approval, audited 


them for mathematical accuracy, verified them against 
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purchase orders, prepared the check requests, and routed 


them to the Chief Accountant with invoices attached. 


o The Chief Accountant reviewed the check reauests for 
accuracy; placed the necessary accounting codes on them; 
approved them for payment, and routed them to the Secre- 


tary for typing. 


o The checks used were in sets which included two non- 
negotiable copies for accounting use. The Secretary 
typed the checks and presented the checks and copies, 
with check requests and invoices attached, to the author- 


ized person for signature. 


o The authorized person reviewed the invoice, approved 
charge designation, etc., and signed the original of the 
checks and returned them with all attachments to the 


Office Manager for mailing. 


o The Office Manager separated and stuffed the checks into 
envelopes and returned the check requests, with invoices 


attached and check copies, to the part-time bookkeeper. 


o The part-time bookkeeper recorded the checks in numerical 
sequence in the check reqister and stamped the invoices 
and check requests "Paid". The check number was then 


recorded on the documents stamped. 


9.2.4 Checks and Bank Accounts 
Initially, a separate bank account for each of the three companies 


was set-up with the United Bank of Denver. Voucher type checks 
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were printed and numbered in sets of three with the duplicate and 
triplicate on thin paper and marked "Non-Negotiable". Advances 
from participants were deposited directly in the account of 
Paraho Oil Shale Demonstration, Inc. (Demonstration). An opera- 
Eingeinowoteo2 0, 000 wasesct—Upadin thesD hol sbank account. 2 as 
the operating account was used, it was replenished by checks from 
the Demonstration account. Twice each month invoices were paid 
and funds were transferred from the Demonstration account to the 


Debi. eaccount tor the: total checks written. 


Orzo OUCKe Tre oySten 


A voucher system of recording and filing accounting data was 


implemented using alphabetical designations for months and num- 


erical designations for content. The numerical breakdown was as 
follows: 
Cum VOUCHCrENO+s le— Cash Vouchers 


© Voucher No. 2 - Payroll Vouchers 


o Voucher No. 3 - Auto and Service Units 


o Voucher No. 4 - Warehouse Issues 
© Voucher No. 5 - Billings to Participants 
Oo Voucher No. 6 - Miscellaneous Entries, Including Deposits 


© Voucher No. 7 - Accrual Entries 


Oo Voucher No. 8 Year-End Closing Entries 


A brief description of the mechanics and of each of the ,above 


follows: 


Cash Vouchers. The part-time Bookkeeper used a voucher numbering 


stamp and consecutively numbered the check requests and check 
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vouchers attached for assembling and filing. At the same time, 
the voucher and page number were stamped on the duplicate and 

triplicate copies of the check voucher. The duplicate copy was 
filed in a numerical file and the triplicate copy in an alpha- 
Deticarat te... SPhis stile aptaiintergal immediate and fast access to 
the voucher number and page where the check request and invoice 
were filed. Check requests and their attachments were batched 
and vouchered in groups of 20 and during normal operations, we 


processed an average of seven cash vouchers per month. 


Payroll Vouchers. The United Bank's Computer Payroll Service 
contracted to compute the semi-monthly payroll and prepare pay- 
roll checks for all full-time D.E.I. employees. All entries and 
tabulated data relating to payroll were filed in the payroll 


voucher each month. 


Auto and Service Units Vouchers. Voucher No. 3 was assigned to 
control activities of autos and service units but was not used 
in the Project because the maintenance of mobile equipment for 


the Project was assigned to Cliffs. 


Warehouse Issues. Supplies used on the Project from the ware- 
house inventory were recorded on a warehouse issue form which 
showed the cost center, feature, quantities, and values to be 
charged. At the end of each month, copies of the issued tickets 
were sent to Accounting for coding and vouchering in the ware- 
house issue voucher. A spot check of warehouse quantities was 
made annually. Total values from the warehouse cards were 


compared with values on the iedger and adjustments to actual 
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were made at the end of each fiscal year and on April 19, 1976. 
On April 19, 1976, the warehouse accounting was removed from 


the Project. 


Billings to Participants. When all vouchers (including 2.5.6 

and 2.5.7 discussed below) were summarized and posted to the 
accounts and cost centers for the month and the ledgers balanced, 
the monthly cost statements were prepared, D.E.I. and Paraho 
Corporation presented an intercompany invoice for the months 
expenditures to Paraho Oil Shale Demonstration. Demonstration 
prepared a "MEMO ONLY - DO NOT PAY" invoice charging participants 
with the expenditures for the month from the cost statements 
prepared by D.E.I. and Paraho Corporation. The necessary inter- 
company and participants entries, with invoices and cost state- 


ments attached, were filed in this voucher. 


Miscellaneous Entries. This voucher was used primarily to record 
receipts and deposits of funds. All other entries such as 
corrections, adjustments, prepaid items, billings to non-parti- 
cipants, and other non-cash entries were recorded and filed in 


this voucher. 


Accruals. The books were closed about Poeeeae en work day of 
each month for the previous months transactions. Before closing, 
however, an analysis of all unpaid invoices was made and the 
major ones applicable to the previous month's operations were 
accrued and credited to the accrual account. These entries were 
recorded and filed in the accrual voucher. The accrual account 


was charged when the accrual invoices were paid. 
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VYedrerndsGlosiangsbnuries.se ihe fascalsyear for, ali, Paraho Cor- 
poration ends August 31. The auditing firm of Price-Waterhouse 


and Co. was retained to examine the accounting records and the 


system and policies. This voucher was reserved for audit ad- 
justments, depreciation entries, etc., as prescribed by Price- 
Waterhouse. 


OF SD CHARTS OF SACCOUNTS 


A unified Chart of Accounts was developed to be used for both 
Project and non-project operation. Project operations were 
recorded and kept in a separate self-balancing ledger for each 
Project company. Account numbering followed the normal three 
digiiemainwaccount and two digit ‘sub-account and features ‘format: 
Balance sheet and operations designations were as follows: 

One 00s Current. Assets 

o 200 - Advances and Capitalized Intangibles 

o 300 - Fixed Assets 

o 500 = Liabilities 

o 600 - Reserves and Equity Accounts 

o 800 - Income 

o 900 - Expense 
Cost Center control numbers were assigned to each major opera- 
tion of the Project. These were four digit numbers and were 
used for both investment and expense segregation. A "Special 
Studies Expense" account (907) was used to designate expendi- 
tures of special nature and Cost Center numbers were assigned 


as each new study originated. 
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These Cost Centers are the basis for accounting to the partici- 
pants for the disposition of funds. An expenditure schedule for 
each Cost Center was prepared monthly. It reflected the feature 
breakdown of costs for the month and cumulative costs by feature 
for the Project to date. Totals of current month costs and 
total costs to date by Cost Center were prepared summarizing 

the operations for each company. Total cost for the Project 

was shown on a summary schedule which reflected total costs by 


company for the month and total Project to date. 
9.4 ACCOUNTING LEDGERS 


A hand posted, self-balancing Project ledger was maintained for 
each Project company. Ledger sheets were set-up by a main 
account and Cost Center. If there was more than on Cost Center 
for the main account, a separate ledger sheet was set-up and 
maintained for each Cost Center. Posting to the ledger sheets 
was by feature with a separate column for each feature. This 
feature breakdown permitted classification of expenditures by 
feature each month and total Project to date within each Cost 
Center. This formed the basis and was the source of data for 


the accounting statments each month. 


The ledger for D.E.I. contains over 200 pages of hand posted 


accounting data. 
9.5 ACCOUNTING PROCEDURE 


Advance Requests to participants were coded as a charge to the 


participant's receivable account and a credit to the liability 
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account “Advances from Participants”. Demonstration‘s receipts 
from participants were coded as debits to cash and credits to 


participants receivable account. 


Equipment purchases were recorded in Paraho Corporation's ledger. 
Expenses on which)D.E.T. was not entitled ‘to 10% or 2% overhead 
were charged to the Program Director's office in the Paraho 

Oil Shale Demonstration's ledger. All other expense items are 


GiancedelneD stale eismLeager. 


Charges and credits in each voucher were summarized for posting 
when the voucher was complete. The vouchers were then assembled 
for permanent filing-and posting to the Project ledgers. Posting 
was done by the part-time Bookkeeper under the supervision of 

the Chief Accountant. When all vouchers were posted (except 
VOUCHECTENO WD EBT LLings to Participants), aapre-closing trial 


balance was taken. 


Tf the examination of the pre-closing trial balance revealed 
a need for further adjustments, a second section of.the miscel- 
laneous voucher was prepared and posted. If no further adjust- 
ments were needed, monthly statements were prepared from the 
expense and equipment ledger sheets. Ceres rates of 10% of 
labor ‘and benefits and 2% of all other costs were applied and 


BnCcLUGgeO aS» Pace OLr the costs. 


D.E.I. and Paraho Corporation charged Paraho Oil Shale Demonstra-— 
tion and credited the expenditure account for the total costs 
during the month. Overhead due D.E.I. was also charged to 


Demonstration and credited to the corporate (non-project) 
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account. 


Paraho Oil Shale Demonstration charged the participant's receiv- 
able accounts and credited intercompany (Paraho and D.E.I.) for 
the total costs during the month. Since the advance from the 
participants to cover the expenditures had been received, an 
entry was made crediting participant's receivable account for 


costs and charging "Advances from Participants" account. 


A sub-ledger was maintained with a separate ledger sheet for 
each participant. Totals of all sub-ledger sheets had to agree 
with the control sheet of participant's receivable account. 
These sub-ledger sheets presented individual pay records and 


current balances of each participant at all times. 
9.6 CLOSING OF ACCOUNTS 


Since Development Engineering, Inc. had agreed to finance all 
costs above $9,450,000 plus interest earned, at the close of 
the project when all costs had been charged and receipts 
credited, the participant's accounts reflected a zero balance. 


An itemized summary of project costs follows. 
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PARAHO OIL SHALE DEMONSTRATION 
SUMMARY OF PROJECT COSTS 
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Program Development 
Cost Center Manager's Engineering Paraho Total 
Office nC Corp. 

Pre-Project Preparation Cost S35 2507000 $2250 7000 
Mine 999,248 LOOPS LG 1,099,964 
Mine Road 41,063 208 A lrz ope 
Crusher 46,729 4,196 SO, oo 
Retort/Kiln 468,855 2167320 LAS lato 
General Plant 25 leo Qi epee ANS 55a. ages 
Warehouse F438 --- 1,438 
Water System 66,564 14,366 802930 
Tank Farm e422 --- weaZze 
Retorted Shale Operations oy UR) --- 5s Oo 
Special Studies 30922 --- 3097722 
Laboratory 264,206 Topo 337 OLA 
Operations Office - Anvil Points 10937320 ZO0GrsES tReet eR SBS 
Managerial Office - Grand Jct. 213,800 fee Seo 592705 
Housing Area S07 Wind SO RUS 
Autos and Trucks 10,841 36,061 46,902 

Sub-Total 230 00 srrkstetsiyste ceil Sh pls deh SS) 97205 7A 
Add Overhead Allowance ——— OST og 2 535223 Pie bea A De 

21.37.0600 S6,087,4/3 Ser 2976 


Total Project Costs 


Presser DuUclton-ote Costs: 


19720 7oes 


Participants Contributions $9,450,000 


Interest Earned $ Ble 20 
Less ‘Mobil Prepayment Discount 257020 PM SeMOe 
Overrun Borne By Paraho Development Corp. 42,729 
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